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(54) Novel compositions useful for delivering compounds into a cell 

(57) The present invention is directed, inter alia, to 
compositions and their use for delivering compounds 
into a cell. In a preferred embodiment, the compositions 
comprise, in combination with the compound to be 
delivered, an organic halide, a targeting ligand, and a 
nuclear localization sequence, optionally in the pres- 
ence of a carrier. Ultrasound may be applied, if desired. 
The compositions are particularly suitable for the treat- 
ment of inflammatory diseases. 
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Description 



Cros s-Reference to Related Applications 

5 [0001] This application is a continuation-in-part of U.S. application Serial No. 08/841 ,169, filed April 29 1 997 which 
in turn is a continuation-in-part of U.S. application Serial No. 08/785,661, filed January 17, 1997, now" abandoned 
which in turn is a continuation-in-part of U.S. application Serial No. 08/640,554, filed May 1 , 1 996, now abandoned The 
disclosures of each of the foregoing applications are hereby incorporated herein by reference, in their entirety. 

w Field of the Invention 

[0002] The present invention relates to novel compositions and the use thereof. More particularly, the present 
invention relates to novel compositions which may be used to deliver compounds into a cell. 

15 Background of the Invention 

[0003] Rheumatoid arthritis (RA) is a chronic and systemic inflammatory disease primarily involving joints The anti- 
genic stimulus that elicits immune responses and subsequent inflammation in rheumatoid arthritis is not well under- 
stood. The synovium of patients with RA is generally characterized, for example, by the proliferation of macrophages at 

20 the synovial lining, infiltration of T and B cells and tissue macrophages, accumulation of polymorphonuclear cells in syn- 
ovium and synovial fluid, proliferation of synovial fibroblasts, and deposition of fibrin. Once in the synovium leukocytes 
produce numerous inflammatory cytokines such as, for example, tumor necrosis factor-a (TNF-a), interleukin 2 (IL-2) 
leukemia inhibitory factor, granulocyte-macrophage colony-stimulating factor (GM-CSF), and IL-6 Adhesion molecules 
on the surface of the above-described leukocytes may play an integral role in the pathogenesis of RA A review of the 

25 role of adhes.on molecules in RA is provided in "Role Of Adhesion Molecules In The Pathogenesis Of Rheumatoid 
Arthritis " Liao et a/., Rheumatic Dis. Clinics North Amer., 1995, 21 :71 5-40, "Cellular Adhesion Molecules In Rheuma- 
toid Arthritis: Regulation By Cytokines And Possible Clinical Importance," Szekanecz, era/., J. Invest Med 1996 
44:124-35, "Cell Adhesion Molecules In Rheumatoid Arthritis," Haskard, et ah, Curr Opin. Rheumatol 1995 7229- 
34; "Cell Adhesion Molecules In Rheumatoid Arthritis," Veale, etai., Drugs & Aging, 1996, 9:87-92; and "Adhesion Mol- 

30 ecules In The Pathogenesis Of Rheumatoid Arthritis," Cronstein, Curr. Opin. Rheumatol., 1994, 6 300-04 the disclo- 
sures of each of which are incorporated herein by reference in their entirety. 

[0OO4] integrins are a family of cell surface adhesion receptors by which cells attach to extracellular matrices and 
mediate ceN-cell adhesion events in RA. A review of integrins is provided in "Tne Extracellular Matrix In Epithelial Biol- 
ogy: Shared Molecules And Common Themes In Distant Phyla," Ashkenas, et aL Dev Biol 1996 730433-44 

35 integrins: Emerging Paradigms Of Signal Transduction," Schwartz, etai, Annu. Rev. Cell Dev Biol 1995 77 549-99 
and "Integrins: Versatility, Modulation, And Signaling In Cell Adhesion," Hynes, Cell, 1992, 69A 1-25,'the disclosures of 
each of which are hereby incorporated herein be reference in their entirety. A review of cell signaling in leukocyte emi- 
gnban .s provided in "Traffic Signals For Lymphocyte Recirculation And Leukocyte Emigration: The Multistep Para- 
diam. Sormaer. Coll 199d 7fl-.ini. 14 »u>H;».in.„ ... K 

40 entjrety ' " aicneicuy incorporated nerein De reference in their 

[0005] Current treatment protocols include physical therapy, drug treatment with compounds such as, for example 
sahcylates nonsteroidal anti-inflammatory agents, antimalarials, penicillamine, corticosteroids and immunosuppres- 
TJZ k and ^ thopedic sur 9 er * These treat ™nt protocols, however, generally have significant limitations For 
example, physrcal therapy merely treats the symptoms and manifestations of rheumatoid arthritis and does not prevent 

<s the cause or causes thereof. Orthopedic surgery is highly invasive and is preferably used only as a last resort. Current 
drug treatment protocols have numerous deficiencies including, for example, non-specificity and inefficient uptake. To 
h s end he overall therapeutic strategy for inhibiting autoimmune inflammation at the causative level generally 
nvolves. (1 ) interfenng w,th a particular ligand/receptor interaction which may be an upstream requirement for trigger 

» 7<2«™T^T aX ° ry T {0r SUCh f pr0literation of tumor 'actor (TNF); (2) immunotherapy ,0 stimulate 

iTTZf « T ^ ,mmune,actors which ™>V bind with and thereby remove secondary inflammatory ele- 
{ ) . „ raPy a ' med 3t imerferin9 With ,he tissue -specific overproduction of autoimmune factors. Much 
research has concentrated on procedures for delivering therapeutic compounds to cells 

bv oLmf T «T b f iC S, M C,Ural ,UnCti ° nal Uni,S ° f a " Hving °W™ms. Cells contain cytoplasm surrounded 
.5 ce Is contain DNA wh.ch may be arranged in (1 ) a nuclear membrane or (2) free in cells lacking a nucleus While the 

,00 .r n ^ rane "7 C °V: bn Channe ' S ' C ° mPOUndS ,hat may be th W«cal,y advantageous to cells genera y Ire 
a T 9 e ? '° n Channe ' S - Cowenti ° nal interventional methods of delivery of compounds into cells 

have proved d.ff.cul. ,n v,ew of the need for the compounds .0 pass through the cell membrane, cell wall, and nuclear 
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membrane. 

E, th ^ h t re f SpeCt ,0 9 ene ,hera P* il ha * generally been difficult to deliver macromolecules to the cell nucleus 
a age compos ol 30 „ mor. distal p,o,ein eomponen,,, B,tw«n 100 and 5 * IfO 7 NPCs afe ivoLaNv 

rooofti Fnr ov^ni , mei ™ as Tor inserting genes and other compounds into both plant and animal cells 

Lancef May 27, 1995 345 1 377-Tau? L f I', Tn h A m ^ Extracor P oreal Sho <* Waves for Gene Therapy," 
Transfer," JCellBiochemwll' ^T^-'airnhM t » New Gene Transfer System: Shock Wave-Mediated DNA 
Mouse Leukemia CeS 

^"nr^an^ 

[0014] lnZhang,L.,e/a/ Sc/zlor/c S;>i t oa/p!*"^^ 

erence in their entirety here is disused t Jairi « " ,hedlsc J 0Sures of which »» incorporated herein by ref- 
0.5 W/cm? for 30 n^Tan^ZSTH,^ t0baCC ° USi " 9 C ° n,inU ° US W3Ve U ' tras0und at 
necessary for poration Z^X^SSSZ^T* ^ ^ ^ ^ iS h 3 

Plasmid/cationic lipid comp.ex with ultrasound glance U E££Xr . !! ' nieCti ° n 0< ,Um ° rS Wi,h a 

«ono«the tumors ra the,L as an aS 

Spoun^^ 

are designed to provide more ta gS Zerv ouT a aZur P Pr ° CedUreS h3Ve been re P or,ed which 

the disclosures of which a« irS^t^^ ^ •^ aC ^ 1 ln,erna,ional Publi ^.ion WO 93/19768, 
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of biologically active molecules to cells by administering to cells a complex comprising the molecule linked to a signal 
peptide, optionally using a liposome and a nuclear localization peptide. 

[0017] The present invention provides new and/or better compositions and methods for delivering compositions 
including drugs and genetic material, into a cell. The methods and compositions of the invention may provide a signifi- 
cant advantage over prior art methodology, in that they provide for specific targeting and delivery of compounds to par- 
ticular cells and increased targeting to the nucleus of the targeted cells. In addition, the methods of the present invention 
may be performed in cell lines which may be otherwise resistant to intracellular delivery and gene expression using 
other conventional means. The methods and compositions of the invention may be used to treat autoimmune conditions 
and inflammatory conditions such as, for example, rheumatoid arthritis. These and/or other aspects of the present 
invention will become apparent from the further discussions herein. 

Summary of the Invention 

[0018] The present invention is directed, inter alia, to compositions for delivering a compound into a cell Specifi- 
cally, in one embodiment, there is provided a composition for delivering a compound into a cell comprising, in combina- 
tion with the compound to be delivered, an organic halide, a targeting ligand, a nuclear localization sequence and 
optionally a fusion peptide. 

[0019] Another embodiment of the invention relates to a method for delivering a compound into a cell comprising 
administering to the cell a composition comprising, in combination with the compound to be delivered, an organic hal- 
ide, a targeting ligand and a nuclear localization sequence. 

[0020] Still another embodiment of the present invention relates to a method of treating a patient suffering from 
inflammation comprising administering to the patient a composition which comprises an organic halide, a targeting lig- 
and for targeting cells associated with inflammation, and a nuclear localization sequence, in combination with a thera- 
peutically effective amount of a compound to be delivered to said cells. 

[0021] Yet another embodiment of the present invention relates to a method of treating a patient suffering from 
rheumatoid arthritis comprising administering to said patient a composition which comprises an organic halide a tar- 
geting ligand for targeting cells associated with rheumatoid arthritis, and a nuclear localization sequence in combina- 
tion with a therapeutically effective amount of a compound to be delivered to said cells. 
[0022] These, as well as other, aspects of the invention are set forth in greater detail below. 

Brief Description of t he Figures 
[0023] 

FIGURE 1 includes schematic representations of a targeted composition according to an embodiment of the 
present invention at the surface of a high endothelial venule and the sequence of events leading to release of a 
compound of the composition in the cell nucleus. Schematic representation A includes a depiction of an oblique 
section of a high endothelial venule. Schematic representation B includes a depiction of a target cell in which B1 
represents the cellular membrane containing cell surface proteins B2 that serve as attachment sites for ™rri*r roiie 
40 and in which C represents a cell nucleus. D represents a targeted composition according to an embodiment of the 
present invention, comprising a lipid coated halocarbon microbubble and surface molecules including targeting lig- 
and D1 and nuclear localization sequence D2. Schematic representation E is an adhesion molecule bearing cells 
hat may be associated with the walls of the high endothelial venule A. Adhesion molecule E may contain many sur- 
face proteins including a receptor E1 to the targeting ligand D1 and a receptor E2 to cell surface proteins of the ulti- 
45 mate target cell. 

FIGURE 2 includes a schematic representation of a targeted composition according to an embodiment of the 
present invention which depicts exemplary spatial relationships between the targeting ligands and the compound 
to be delivered to the cell. The targeted composition 1 exemplified in Figure 2 comprises lipids 2 coating a halocar- 
bon gas or liquid 3 (or combination thereof). Also encapsulated within the lipid coating is genetic material 4 which 
^ associated with lipids 2A. Targeting ligand 5 is attached to a head group 6 of a lipid in the lipid coating 2 by a 
tether 7 of a desired length. Nuclear localization sequence 8 is attached by a tether 7A, which may be the same as 
or different from the tether 7. Lipids 2A also include a nuclear localization sequence 8A which may be attached 
d,rectly or a v,a a tether to a double headed lipid. A condensing agent 9 is included for the genetic material 4. 

ss Detaile d Description of the Invention 

[0 °, 241 t J? ^ m P'°y ed above and throughout the disclosure, the following terms, unless otherwise indicated shall be 
understood to have the following meanings. 
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[0025] "Organic halide" (also sometimes referred to as a halogenated organic compound) refers to a compound 
wtuch contains at least one carbon atom (or optionally sulfur or selenium atom, such as in the case of SF B and SeF fi ) 
and at least one halogen atom selected from the group consisting of fluorine, chlorine, bromine, and iodine Preferably 
the halogen is fluorine (i.e., the compound is a fluorinated compound). More preferably, the organic halide is a fluori- 

5 nated compound which is perfluorinated (that is, fully fluorinated, e.g. , a carbon compound wherein all of the hydrogen 
atoms which are attached directly to the carbon atoms have been replaced by fluorine atoms). The perfluorinated 
organic halide (perfluorinated compound) is preferably a perfluorocarbon or a perfluoroether compound The organic 
hal.de may be in the form of a gas, a liquid (including a gaseous precursor), or a solid. Preferably, the organic halide is 
a liquid, with liquids which are gaseous precursors that convert to a gas upon administration being more preferred Even 

,o more preferably, the gaseous precursor converts to a gas at the site of the cell, including, for example, close or touching 
proximity to the cell. a 

[0026] "Gaseous precursor" refers to a liquid or solid which may be activated upon exposure to a certain tempera- 
ture or pressure to convert to a gas. A gaseous precursor which may be capable of converting to a gas at the site of the 
cell may increase the efficiency of cellular uptake of compounds, and is therefore preferred. Ideally, the gaseous pre- 
cursors are liquid (or solid) at ambient (room) temperature (e.g., 25°C), and may convert to a gas at physiological tem- 
perature (e.g. 37°C) such as upon administration to a patient or cells or tissue from a patient, or otherwise conveniently 
at the site of the cell, such as upon application of heat (such as, for example, through the use of ultrasound) Thus if 
heat is applied, for example, to the cell, the heat is preferably sufficient to convert the gaseous precursor to a gas but 
insufficient to harm the cell (e.g., by denaturing the proteins). Thus, in preferred form, the gaseous precursor may be 
convened to a gas at temperatures of less than about 80°C. More preferably, the gaseous precursor may be converted 
to a gas at temperatures of from about 30°C to about 70°C. Even more preferably, the gaseous precursor may be con- 
vened to a gas at temperatures from about 37°C to less than about 50°C. 

[0027] "Carrier" refers to a composition, substance or material that is capable of transporting or carrying in vivo or 
V '} r0 a com P° un <J t° be delivered to a cell. Exemplary delivery vehicles include, for example, stabilizing materials 
such as lipids polymers, proteins and surfactants, vesicles, liposomes, micelles, aerogels, clathrates, gas filled vesi- 
phase' stmrtures^ 8 ' ' 9aS6 ° US Pr6CUrSOr ""^ VeSiC ' eS ' emu ' si0ns ' sus P ensi °ns, dispersions and hexagonal H II 
[0028] "Targeting ligand" refers to any material or substance which may promote targeting and/or recognition of 
cells, tissues and/or receptors in vivo or in vitro with the compositions of the present invention. The targeting ligand may 
K semi-synthetic, or natura.ly-occurring. Materials or substances which may serve as targeting ligands 
include for example, proteins, including antibodies, antibody fragments, hormones, hormone analogs, glycoproteins 
and lectins, peptides, polypeptides, glycopeptides, amino acids, sugars, saccharides, including monosaccharides and 
polysaccharides, carbohydrates, vitamins, steroids, steroid analogs, hormones, cofactors, bioactive agents and 
genetic material including nucleosides, nucleotides, and polynucleotides. Preferably, the targeting ligands bind cells 

mo™ Z ; I™?' M ° re Preferab,y ' ,He ,ar9e,ing H9andS bind ce,ls associated with rheumatoid arthritis 

« <; r T ? tl0r ;. Sec ' uence " < NLS > re,ers to ™lecule which may localize, as described herein, to the 
IZ S „ T loca,lza,lon sequences act to target the cell nucleus, reuslting in subcellular (nuclear) import 

and Icahzation to or concentration ,n the nucleus. Preferred nuclear localization sequences include, for example pep- 
" uco ' piuiSins, i ci-epiors, transcription factors, enzymes, and the like. " ' 

40 [0030] "Compound to be delivered" refers to a compound which may be present in the compositions of the present 
" d h 7 h T be ad r an,a 9 eous| y de,ivered to impounds to be delivered include, for JJC 

nnVii Z T y be US6d COmeC,i0n With a " appNca,ion that is ,hera P eu,ic ° r dia °n°stic * nature. 
[0031] Bioactive agent refers to a substance which may be used in connection with an application that is thera- 
P eu ,c or d.agnost,c in nature, such as in methods for diagnosing the presence or absence of a disease in a patient 
45 and/or ,n methods for the treatment of disease in a patient. As used herein, "bioactive agent" refers also to substances 

2122 c , ap ? le 0, hT ,in9 : bi0,09ical e,fecl * vitro and/or in The bioactive «y ° SSS JSKS 

or negatively charged. Examples of suitable bioactive agents include diagnostic agents, pharmaceuticals, drugs syn- 

^SSSSS^ proteins ' peptides ' vitamin8, steroids and 9enetic ma,erial ' includin9 nuc,eosides; nuSes 

50 iTr!Ln "f a9n ° ( S,ica9e " t " rafe rs to a "V a 9 ent which may be used in connection with methods for imaging an inter- 
acts n "in T ™ ^ °' ° f a disease a P atient - Exemplary diagnostic 
for e h Xa 7' e ' Contrast a 9 ents ,or «» in connection with ultrasound, magnetic resonance imaging or 
Sf . 0 v 9 ? Phy f 0f 3 Pa, ' em ' nClUdin9 ' ' 0r eXample ' lhe »P id and/or ™*c\e compositions described herein 

55 hrS w h - 17 a " en,,,y WhiCh iS 9enera " y characterize d by the presence of one or more walls or mem- 

sTh « > IS™ ? n H e ° f ,n,emal VOidS " VeSiClGS may be f0rmula,ed ' for exam P' e - '™ stabi. i2 ing compounds 
such as a lipid including the various lipids described herein, a polymer, including the various polymers described 

JS?i 'JET * .'"or Vari ° US Pr ° ,einS deSCribe ° h6rein ' aS We " as ° ,her - aterials ,hat S» ^ readily a^par 
en, to one skilled ,n the art. Other suitable materials include, for example, any of a wide variety of surfactants, inorganic 
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ST!!?' ^ ° ,her C ° mP ° UndS 35 Wi " be readily apparent 10 one skilled in th e art. Also, as will be apparent to one 
stated in the art upon reading the present disclosure, the organic halides may themselves act as suUable Z2 s and 
may « certam embedments themselves form vesic.es and other organized structures. Thus, the use of the omaS S 

t? J ,h 7 " T b ' natl0n Wi,h 3 COmP ° Und ,0 be delivered ' without an additional compound to serve as a ca - 
ner, ,s w.thm the scope of the invention. The lipids, polymers, proteins, surfactants, inorganic compound! LnXr other 
compounds may be natural, synthetic or semi-synthetic. Preferred vesicles are those which Zprfee wa Istr ^m 
branes formulated from l,p,ds. The walls or membranes may be concentric or otherwise. In the preferred vesiclesTe 
stabbing compounds may be in the form of a monolayer or bilayer, and the mono- or bilayer stabtog c^SunS 
may be used to form one or more mono- or bilayers. .n the case of more than one mono- or bilayer Ihe Z Se 
may be concentnc if desired. Stabilizing compounds may be used to form unilamellar vesicleMcompr^ of one mon 
olayer or Mayer , d.go.ame.lar vesicles (comprised of about two or about three monolayers or EZ muZnX 

,™ CO nT m ° re ,han ab ° Ut ' hree m0nO ' ayerS 0r bilayers >- The walls « ™**™« ^Tew* 
from hpids polymers or prote.ns may be substantia.ly solid (uniform), or they may be porous or semi-po reus ThjS 

DUDDies microspheres, lipid-, protem-and/or polymer-coated bubbles, microbubbles and/or microsoheres 
microbanoons, m.crocapsules, aerogels, clathrate bound vesicles, hexagonal H I. phase structures an^ HhS The 
ves.cles may also comprise a targeting ligand, if desired 

SmoL * ™ er V° C ° i,0idal emUieS formula,ed ,rom ln certain Purred embodiments he m'Ses 

^szis^xsr^ H2 phase con,i9ura,ion - in o,her pre,erred embodimen,s ' ,he 

E voi^Thf " refe 7 ,0 ge K er , a " y SpheriCa ' ° r Spheroidal enti,ies which are characterized by a plurality of small 
S 7*.' tSf TV * "*""* " M " "™* 9e " ,r,ll >' ™ m *««* ««»Ms and is ge „ era ii y t, Ih, torn ol a 

compound that has bTc!^SiS^£r <" « d a natural 

10044, -P,p, M »- refere to *„„.„,» conlpou „ as „ hM , ma , ^ )rom ^ 2 B ^ )oo rea _ 
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dues. 

[0045] "Polymer" or "polymeric" refers to molecules formed from the chemical union of two or more repeating units 
Accordingly, included within the term "polymer" may be, for example, dimers, trimers and oligomers. The polymer may 
be synthetic, naturally-occurring or semisynthetic. In a preferred form, "polymer" refers to molecules which comprise 1 0 
or more repeating units. 

[0046] "Stabilizing material" or "stabilizing compound" refers to any material which may be employed as carriers for 
the compositions of the present invention, and which may be capable of improving the stability of compositions contain- 
ing the gases, gaseous precursors, compounds to be delivered, targeting ligands, nuclear localization sequences 
and/or other compounds described herein, to provide compositions in the form of, for example, mixtures, suspensions' 
emulsions, dispersions, vesicles, or the like. The improved stability involves, for example, the maintenance of a relatively 
balanced condition, and may be exemplified, for example, by increased resistance of the composition against destruc- 
tion, decomposition, degradation, and the like. In the case of preferred embodiments involving vesicles filled for exam- 
ple, with gases, gaseous precursors, liquids, and compounds to be delivered, the stabilizing compounds may serve to 
either form the vesicles or stabilize the vesicles, in either way serving to minimize or substantially (including completely) 
prevent the escape of gases, gaseous precursors, and compounds to be delivered from the vesicles until said release 
•s desired. The term "substantially," as used in the present context of preventing escape of gases, gaseous precursors 
and compounds to be delivered from the vesicles, means greater than about 50% is maintained entrapped in the vesi- 
cles until release is desired, and preferably greater than about 60%, more preferably greater than about 70% even 
more preferably greater than about 80%, still even more preferably greater than about 90%, is maintained entrapped in 
the vesicles until release is desired. In particularly preferred embodiments, greater than about 95% of the gases gas- 
eous precursors, and compounds to be delivered are maintained entrapped until release is desired The gases gase- 
ous precursors, liquids, and compounds to be delivered may also be completely maintained entrapped tie ,' about 
100/o is maintained entrapped), until release is desired. Exemplary stabilizing materials include, for example lipids 
proteins, polymers, carbohydrates and surfactants. The resulting mixture, suspension, emulsion or the like may com- 
prise walls (/.e., films, membranes and the like) around the compound to be delivered, gases and/or gaseous precur- 
sors or may be substant.ally devoid of walls or membranes, if desired. The stabilizing may, if desired, form droplets The 
stabilizing material may also comprise salts and/or sugars. In certain embodiments, the stabilizing materials may be 
charged" completely) cross-linked. The stabilizing material may be neutral, positively or negatively 

[0047] "Gas filled vesicle" refers to a vesicle having a gas encapsulated therein. "Gaseous precursor filled vesicle- 
refers to a vesicle having a gaseous precursor encapsulated therein. The vesicles may be minimally, partially, substan- 
t.ally, or completely filled with the gas and/or gaseous precursor. The term "substantially" as used in reference to the 
gas and/or gaseous precursor filled vesicles means that greater than about 30% of the internal void of the substantially 
filled vesicles comprises a gas and/or gaseous precursor. In certain embodiments, greater than about 40% of the inter- 
nal void of the substantially filled vesicles comprises a gas and/or gaseous precursor, with greater than about 50% 
being more preferred. More preferably, greater than about 60% of the internal void of the substantially filled vesicles 
comprises a gas and/or gaseous precursor, with greater than about 70% or 75% being more preferred. Even more pref- 
erably, greater than about 80% of the internal void of the substantially filled vesicles comprises a gas and/or gaseous 

»hTZ;,C°?f f 3t T ! S5% ° r 3 ° % b6ing m preierrea in P articular| y Purred embodiments greater 
than about 95 /. of the internal void of the vesicles comprises a gas and/or gaseous precursor, with about 100% being 

EES'* P -r f e ", . ternatiVe ' y ' the VeSiCl6S may COntain n0 0r substantially no gas or gaseous precursor, 
out and t0 a , Sph , eriCal 0r s P heroidal ent «y which "*y be substantially liquid or which may comprise 

hquid and solid, solid and gas. liquid and gas, or liquid, solid and gas. Solid materials within a droplet may be, for exam- 
ple, particles, polymers, lipids, proteins, or surfactants. 

EL ,• " De,er9 t n *" re,e ; S ,0 a surf ace-active agent (surfactant) which, when added to a suspending medium of col- 
™ 7 " eXamP ' e ' C6r,ain ° f the Npid ' P ° lymer ' Pr0tein ' and/or vesicle compositions described 

i H" C T S J ink '" " CrOSS -' inked " and "cross-linking" generally refer to the linking of two or more stabilizing mate- 
mo ; Ei2 fl 5 h * T' P °^ ner ' Carboh y dra,e ' surfaclan < stabili ™9 materials and/or bioactive agents, by one ore 
more bridges. The bridges may be composed of one or more elements, groups, or compounds, and generally serve to 

Z brfdoeTm^n 3 , ,"7 T^' m °' eCUle ,0 " **" °' * 8B00nd « ^™ 

™ J£?° T l ™ iv h e .« 3va,en, and/or non-covalent associations. Any of a variety of elements, groups, and/or com- 

svnthe i ZTl d9e f ? SS -' inkS ' the S,abHi2in9 ma,erials ma * be cross-linked nature ly or trough 
KSE 7 .rn ? h 3 ? ' Cr0SS -" nkin 9 ™V occur in material formulated from peptide chains which are 

bTefl^H \ m S K°' CySt r r6SidUeS ' 38 keratinS ' insulinS and 0,her P roteins - Alternatively, cross-linking may 
ma,, 2 I" T T e T' Ca ' modi,ication ' such as ' for sample, by combining a compound, such as a stabEg 
material, and a chemical substance that may sen/e as a cross-linking agent, which may cause to react by, for example 
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exposure to heat, high-energy radiation, ultrasonic radiation and the like. Examples include cross-linking by sulfur to 
form disulfide linkages, cross-linking using organic peroxides, cross-linking of unsaturated materials by means of high- 
energy radiation, cross-linking with dimethylol carbamate, and the like. If desired, the stabilizing compounds and/or bio- 
active agents may be substantially cross-linked. The term "substantially" means that greater than about 50% of the sta- 
bilizing compounds contain cross-linking bridges. If desired, greater than about 60%, 70%, 80%, 90%, 95% or even 
100% of the stabilizing compounds contain such cross-linking bridges. Alternatively, the stabilizing materials may be 
non-cross-linked, i.e., such that greater than about 50% of the stabilizing compounds are devoid of cross-linking 
bridges, and if desired, greater than about 60%, 70%, 80%, 90%, 95% or even 100% of the stabilizing compounds are 
devoid of cross- linking bridges, 

[0051] "Vesicle stability" refers to the ability of vesicles to retain the gas, gaseous precursor and/or other bioactive 
agents entrapped therein after being exposed, for about one minute, to a pressure of about 100 millimeters (mm) of 
mercury (Hg). Vesicle stability is measured in percent (%), this being the fraction of the amount of gas which is originally 
entrapped in the vesicle and which is retained after release of the pressure. Vesicle stability also includes "vesicle resil- 
ience" which is the ability of a vesicle to return to its original size after release of the pressure. 
[0052] "Covalent association" refers to an intermolecular association or bond which involves the sharing of elec- 
trons in the bonding orbitals of two atoms. 

[0053] "Non-covalent association" refers to intermolecular interaction among two or more separate molecules 
which does not involve a covalent bond. Intermolecular interaction is dependent upon a variety of factors, including, for 
example, the polarity of the involved molecules, and the charge (positive or negative), if any, of the involved molecules 
Non-covalent associations are selected from ionic interactions, dipole-dipole interactions, van der Waal's forces, and 
combinations thereof. 

[0054] "Ionic interaction" or "electrostatic interaction" refers to intermolecular interaction among two or more mole- 
cules, each of which is positively or negatively charged. Thus, for example, "ionic interaction" or "electrostatic interac- 
tion" refers to the attraction between a first, positively charged molecule and a second, negatively charged molecule 
Ionic or electrostatic interactions include, for example, the attraction between a negatively charged stabilizing material, 
for example, genetic material, and a positively charged lipid, for example, a cationic lipid, such as lauryltrimethylammo- 
nium bromide. 

[0055] "Dipole-dipole interaction" refers generally to the attraction which can occur among two or more polar mole- 
cules. Thus, "dipole-dipole interaction" refers to the attraction of the uncharged, partial positive end of a first polar mol- 
ecule, commonly designated as 8 + , to the uncharged, partial negative end of a second polar molecule, commonly 
designated as 5". Dipole-dipole interactions are exemplified by the attraction between the electropositive head group 
for example, the choline head group, of phosphatidylcholine and an electronegative atom, for example, a heteroatom 
such as oxygen, nitrogen or sulphur, which is present in a stabilizing material, such as a polysaccharide "Dipole-dipole 
interaction" also refers to intermolecular hydrogen bonding in which a hydrogen atom serves as a bridge between elec- 
tronegative atoms on separate molecules and in which a hydrogen atom is held to a first molecule by a covalent bond 
and to a second molecule by electrostatic forces. 

[0056] "Van der Waal's forces" refers to the attractive forces between non-polar molecules that are accounted for 
by quantum mechanics. Van der Waal's forces are generally associated with momentary dipole moments which are 
induced by neighboring molecules and which involve channel 

i0057j "Hydrogen bond" refers to an attractive force, or bridge, which may occur between a hydrogen atom which 
is bonded covalently to an electronegative atom, for example, oxygen, sulfur, or nitrogen, and another electronegative 
atom. The hydrogen bond may occur between a hydrogen atom in a first molecule and an electronegative atom in a sec- 
ond molecule (intermolecular hydrogen bonding). Also, the hydrogen bond may occur between a hydrogen atom and 
an electronegative atom which are both contained in a single molecule (intramolecular hydrogen bonding) 
[0058] "Hydrophilic interaction" refers to molecules or portions of molecules which may substantially bind with 
absorb and/or dissolve in water. This may result in swelling and/or the formation of reversible gels. 
[0059] "Hydrophobic interaction" refers to molecules or portions of molecules which do not substantially bind with 
absorb and/or dissolve in water. 

[0060] "Patient" refers to animals, including mammals, preferably humans. 

[0061] "Region of a patient" refers to a particular area or portion of the patient and in some instances to regions 
throughout the entire patient. Exemplary of such regions are the gastrointestinal region, the cardiovascular region 
(including myocardial tissue), the renal region as well as other bodily regions, tissues, lymphocytes, receptors, organs 
and the like, including the vasculature and circulatory system, and as well as diseased tissue. "Region of a patient- 
includes, for example, regions to be treated with a compound to be delivered. The "region of a patient" is preferably 
internal, although, if desired, it may be external. 

[0062] "Region to be targeted" or "targeted region" refer to a region of a patient where delivery of a compound to 
be delivered is desired. 

[0063] "Tissue" refers generally to specialized cells which may perform a particular function. The term "tissue" may 
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refer to an individual cell or a plurality or aggregate of cells, for example, membranes, blood or organs. The term "tissue" 
also includes reference to an abnormal cell or a plurality of abnormal cells. Exemplary tissues include lymph nodes and 
other tissues which may be involved in inflammation. 

[0064] "Intracellular" or "in tracel Marly" refers to the area within the plasma membrane of a cell, including the pro- 
toplasm, cytoplasm and/or nucleoplasm. "Intracellular delivery" refers to the delivery of a bioactive agent, such as a tar- 
geting ligand and/or the compounds to be delivered, into the area within the plasma membrane of a cell. 
[0065] "Cell" and "host cell" refer to prokaryotic cells and eukaryotic cells, including plant cells, animal cells, cells of 
unicellular organisms, cells of multicellular organisms, etc. Especially preferred are animal cells, more preferably mam- 
malian cells and most especially human cells, including but not limited to living cells, tissues, and organs. Eukaryotic 
cells are cells of higher organisms in which genetic material is enclosed by a nuclear membrane. Prokaryotic cells are 
cells of lower organisms that lack a well defined nucleus and contain genetic material that is not enclosed within a mem- 
brane of its own. The cells may be present in vivo or in vitro {e.g. in cell culture). 

[0066] "Biocompatible" refers to materials which are generally not injurious to biological functions and which will not 
result in any degree of unacceptable toxicity, including allergenic responses and disease states. 
[0067] " Alkyl" refers to liner, branched or cyclic hydrocarbon groups. Preferably, the alkyl is a linear or branched 
hydrocarbon group, more preferably a linear hydrocarbon group. Exemplary linear and branched alkyl groups include, 
for example, methyl, ethyl, n-propyl, i-propyl, n-butyl, t-butyl, n-pentyl, hexyl, heptyl, octyl, nonyl, and decyl groups. 
Exemplary cyclic hydrocarbon groups (cycloalkyl groups) include, for example, cyclopentyl, cyclohexyl and cycloheptyl 
groups. "Fluoroalkyl" refers to an alkyl group which is substituted with one or more fluorine atoms, including, for exam- 
ple, fluoroalkyl groups of the formula CF 3 (CF 2 ) n (CH 2 ) m -, wherein each of m and n is independently an integer from 0 
to about 22. Exemplary fluoroalkyl groups include perfiuoromethyl, perfluoroethyl, perfluoropropyl, perfluorobutyl, per- 
fluorocyclobutyl, perfluoropentyl, perfluorohexyl, perfluoroheptyl, perfluorooctyl, perfluorononyl, perfluorodecyl,' per- 
fluoroundecyl and perfluorododecyl. 

[0068] "Acyl" refers to an alkyl-CO- group wherein alkyl is as previously described. Preferred acyl groups comprise 
alkyl of 1 to about 30 carbon atoms. Exemplary acyl groups include acetyl, propanoyl, 2-methylpropanoyl, butanoyl and 
palmitoyl. "Fiuoroacyl" refers to an acyl group that is substituted with one or more fluorine atoms, up to and including 
perfluorinated acyl groups. 

[0069] "Aryl" refers to an aromatic carbocyclic radical containing about 6 to about 10 carbon atoms. The aryl group 
may be optionally substituted with one or more aryl group substituents which may be the same or different, where "aryl 
group substituent" includes alkyl, alkenyl, alkynyl, aryl, aralkyl, hydroxy, alkoxy, aryloxy, aralkoxy, carboxy, aroyl, halo, 
nitro, trihalomethyl, cyano, alkoxycarbonyl, aryloxycarbonyl, aralkoxycarbonyl, acyloxy, acylamino, aroylamino, car- 
bamoyl, alkylcarbamoyl, dialkylcarbamoyl, arylthio, alkylthio, alkylene and -NRR', where R and R' are each independ- 
ently hydrogen, alkyl, aryl and aralkyl. Exemplary aryl groups include substituted or unsubstituted phenyl and 
substituted or unsubstituted naphthyl. 

[0070] "Alkylaryl" refers to aikyl-aryi groups {e.g., CH 3 -(C 6 H 4 )-) and aryl-alkyl groups (e.g., (C 6 H 5 )-CH 2 -) where 
aryl and alkyl are as previously described. Exemplary alkylaryl groups include benzyl, phenylethyl and naphthyl-methyl. 
"Fluoroalkylaryl" refers to an alkylaryl group that is substituted with one or more fluorine atoms, up to and including per- 
fluorinated alkylaryl groups. 

[0071] "Alkylene" refers to a straight or branched bivalent aliphatic hydrocarbon group having from 1 iu about 30 
carbon atoms. The alkylene group may be straight, branched or cyclic. The alkylene group may be also optionally 
unsaturated and/or substituted with one or more "alkyl group substituents," including halogen atoms, such as fluorine 
atoms. There may be optionally inserted along the alkylene group one or more oxygen, sulphur or substituted or unsub- 
stituted nitrogen atoms, wherein the nitrogen substituent is alkyl as previously described. Exemplary alkylene groups 
include methylene (-CH 2 -), ethylene (-CH 2 CH 2 -), propylene (-(CH 2 ) 3 -), cyclohexylene (-C 6 H 10 -), -CH=CH-CH=CH- f - 
CH=CH-CH 2 -, -(CF 2 ) n (CH 2 ) m -, wherein n is an integer from about 1 to about 22 and m is an integer from 0 to about 22, 
-(CH 2 ) n -N(R)-(CH 2 ) m -, wherein each of m and n is independently an integer from 0 to about 30 and R is hydrogen or 
alkyl, methylenedioxy (-0-CH 2 -0-) and ethylenedioxy (-0-(CH 2 ) 2 -0-). It is preferred that the alkylene group has about 
2 to about 3 carbon atoms. 

[0072] "Halo," "halide" or "halogen" refers to chlorine, fluorine, bromine or iodine atoms. 

[0073] "Genetic material" refers generally to nucleosides, nucleotides, polynucleosides and polynucleotides, includ- 
ing deoxyribonucleic acid (DNA) and ribonucleic acid (RNA). The genetic material may be made by synthetic chemical 
methodology known to one of ordinary skill in the art, or by the use of recombinant technology, or by a combination 
thereof. The DNA and RNA may optionally comprise unnatural nucleotides and may be single or double stranded. 
"Genetic material" also refers to sense and anti-sense DNA and RNA, tat is, a nucleotide sequence which is comple- 
mentary to a specific sequence of nucleotides in DNA and/or RNA. "Genetic material" also includes complexes associ- 
ated with DNA or RNA including, for example, ribozymes. The genetic material may be included in the compositions 
alone or in combination with a condensing agent. 

[0074] "Condensing agent" refers to any material whose presence may cause genetic material, such as DNA, to 
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occupy a reduced spatial area relative to the spatial area that the genetic material may occupy in the absence of the 
condensing agent. The condensing agents are typically positively charged and, therefore, may repel polyanionic mate- 
rials as exemplified, for example, by the sugar phosphate backbone of DNA. It is believed that this charge repulsion con- 
tributes to the ability of the condensing agents to cause genetic material to "condense", i.e., to occupy reduced spatial 
areas. For example, polylysine, which is an exemplary polycationic condensing agent, may act to crosslink the polyani- 
onic nature of DNA which normally accounts for intrastrand charge repulsion. Other exemplary condensing agents in 
addition to polylysine, include, for example, spermine and spermidine, although other materials, including other polyca- 
tion matenals, would be apparent to one of ordinary skill in the art once armed with the teachings of the present disclo- 
sure. Preferred condensing agents include cationic lipids, especially fluorinated cationic lipids. The condensing agent 
may be incorporated in the present compositions, for example, covalently or non-covalently. It is also contemplated that 
organic halides, such as fluorinated compounds, particularly perfluorocarbons, which are a preferred component of the 
present compositions, may enhance the ability of condensing agents to condense genetic material by providing a non- 
polar microenvironment for the bases. 

[0075] "Pharmaceutical agent" or "drug" refers to any therapeutic or prophylactic agent which may be used in the 
treatment (including the prevention, diagnosis, alleviation, or cure) of a malady, affliction, disease or injury in a patient 

SU T >u 8X T Ple ' rheuma,oid arthritis - Therapeutically useful peptides, polypeptides and polynucleotides may be 
included within the meaning of the term pharmaceutical or drug. 

[0076] Methods of introducing compounds into a cell (also referred to variously herein as methods for deliverinq a 
compound into a cell, methods of intracellular delivery, methods of promoting, effecting, facilitating or enhancing the 
uptake of a compound into a cell, and the like) include transfection, which refers to the introduction of genetic material 
i.e., a nucleotide sequence (e.g., DNA or RNA) into a host cell. Transfection may also sometimes be referred to as 
transformation. DNA (or RNA) which is new to the cell into which it is incorporated is typically referred to as heterolo- 
gous DNA (or RNA) or exogenous DNA (or RNA). Some bacterial species may take up exogenous DNA without dis- 
criminating between uptake of DNA from a similar or same species or from a completely different species or organism 
Exogenous DNA may also be taken up by cells, but may or may not be incorporated into nuclear material in a herit- 
able manner. The objective of transfection of a host cell may be to effect expression of one or more carefully selected 

[0077] "Expression" and "gene expression" refer to the transcription and/or translation of a nucleic acid sequence 
resulting ,n the production of an amino acid, peptide and/or protein. The nucleic acid sequence may or may not be incor- 
porated ,n o the genetic material of the host cell. For example, the nucleic acid sequence may be incorporated into the 
genome of a host cell or may simply be introduced into the cell without incorporation into the genome - 
0078] Gene expression, upon administration of a composition of the present invention, may be effected (including 
for example, obtained, promoted, facilitated or enhanced), and preferably may be enhanced in that the expression of 
the nucleic acd sequences as compared to conventional transfection techniques including, for example, calcium phos- 
be Z^Z M°? h T T ,0rS ' micr0injec,i0n ' shock wave such a *. to example, lithotripsy, and electroporation may 
~T, , ?T Um9 6nhanCed 9606 eXpreSSi0n Wi " be known to skil,ed artisa "s °"ce armed with the 

Sir? T h c' I' eXamP ' e ' enz y me - |inked immunosorbent assay (ELISA), as well as other methods, 
Tin S m r °h S c f," 1 ^ 00 "' ^ a '" M °' eCUlar C,0nin9: A Lab0ra,0r y Manual ' 2nd ed - Cold Spring Harbo 

in SEZJS^ff pnnS 7 NY " 9S9) ' ^ diSCl ° SUieS °'' Which 3re h6reDy -operated herein by reference 
n the, entirety. Thus as a result of the methods of the present invention, a product (e.g., a protein) may be produced 
In addition, the methods described herein may be employed to prevent production of a product (for examp.e, as a result 
of an antisense sequence being delivered into a cell). ' 

With ° Ut T,^ 9 l ° bS b ° Und by any ,h60ry ° r ,he0ries of opera,ion - i( is believed ^at delivery of nucleic 
ta e uo Z rZZ n°H ^ t er H C °7, OUnd ! 'k aCCOrdance with ,he methods ° f »e present invention may induce a cel. to 
take up the compound to be delivered thereto. Included within the definition of delivery of a compound into a cell in 
accordance w,h the methods of the present invention are active and passive mechanisms of crtuto Uptake fonSan" 
ne s and other means of transport utilized by cells to incorporate extracellular materials, including compounds to be 
delivered thereto, into the intracellular milieu are encompassed by the present invention 

™L " Nu f oMe sequence and nucleic acid sequence" refer to single and double stranded DNA and RNA 
sequences, including and not limited to oligonucleotide sequences ot about 100 kb to about 1,000,000 kb (including 
whole chromosomes), preferably of about 4 kb to about 6 kb, more preferably about 1 .000 nucleotides in lenS mTre 
preferably about 500 nucleotides in length, more preferably about 250 nucleotides in length, mor ^preferably abo'utToo 
nucleotides ,n length, more preferably about 50 nucleotides in length, more preferably about 25 nuclides inTnoth 
more preferaWy about 1 0 nucleotides in .ength, even more preferably about 3 to about 1 0 bp in lengm Embodied byThe 
term nucleotide sequence" are all or par, o, a gene, at least a portion of a gene, a gene fragment a sensTsSuence 
an antisense sequence, an an.igene nucleic acid, a phosphoro.hioate o.igodeoxynucleotide, and an a.teraSn de efon 
mismatch, transition, transversion, mutation, conservative substitution, and homolog of a sequence Tn p'hras^ai 
least a portion of," and "all or par, of," as used herein, means that the entire gene need not be represented^ thl 
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sequence so long as the portion of the gene represented is effective to block or exhibit, depending on the type of 
sequence used, gene expression. The sequences may be incorporated into an expression vector such as and not lim- 
ited to, a plasmid, phagemid, cosmid, yeast artificial chromosome (YAC), virus (e.g., adenovirus, vaccinia virus retrovi- 
rus), and defective virus (also known as a "helper virus"). The nucleotide sequence may also be administered naked 
that is without an expression vector. 

[0081 ] A "precursor" to a targeting ligand refers to any material or substance which may be convened to a targeting 
hgand. Such conversion may involve, for example, anchoring a precursor to a targeting ligand. Exemplary targeting pre- 
cursor moieties include, for example, maleimide groups, disulfide groups, such as ortho-pyridyl disulfide, vinylsulfone 
groups, azide groups, and a-iodo acetyl groups; 

[0082] "Receptor" refers to a molecular structure within a cell or on the surface of a cell which is generally charac- 
terized by the selective binding of a specific substance. Exemplary receptors include cell-surface receptors for peptide 
hormones, neurotransmitters, antigens, complement fragments, immunoglobulins and cytoplasmic receptors for steroid 
hormones. 

[0083] "In combination with" refers to the incorporation of compounds to be delivered, targeting ligands and 
nuclear localization sequences in a composition of the present invention, optionally including a carrier, such as in the 
form of emulsions, suspensions and vesicles. The compound to be delivered, targeting ligand, and nuclear localization 
sequence can be combined with the carrier in any of a variety of ways. For example, one or more of the compound to 
be delivered, targeting ligand, and nuclear localization sequence may be associated covalently and/or non-covalently 
with the carrier (e.g., stabilizing materials or compounds). In the case of vesicles, targeting ligands, for example may 
be integrated within the layer(s) or wall(s) of the vesicle present on the external surface, the compound to be delivered 
may be entrapped within the internal void of the vesicle, and the nuclear localization sequence may be integrated within 
the layer(s) or wall(s) of the vesicle on the internal surface, for example, by being interspersed among stabilizing mate- 
rials which form or are contained within the vesicle layer(s) or wall(s). In addition, it is contemplated, for example that 
he compound to be delivered (such as, for example, a bioactive agent), nuclear localization sequence and/or targeting 
hgand may be located on the surface of a vesicle or non-vesicular carrier. Also, the compound to be delivered targeting 
ligand, and nuclear localization sequence may be concurrently entrapped within the internal void of the vesicle and/or 
integrated within the layer(s) or wall(s) of the vesicles and/or located on the surface of a vesicle or non-vesicular carrier 
rr 336 ,', th< ! c ° mpound ,0 be delivered, targeting ligand, and nuclear localization sequence may interact chemically 
with the wans of the vesicles, including, for example, the inner and/or outer surfaces of the vesicle and may remain sub- 
stantially adhered thereto. Such interaction may take the form of, for example, non-covalent association or bonding 
ionic interactions, electrostatic interactions, dipole-dipole interactions, hydrogen bonding, van der Waal's forces cova- 
lent association or bonding, cross-linking or any other interaction, as will be readily apparent to one skilled in the art in 
view of the present disclosure. In certain embodiments, the interaction may result in the stabilization of the vesicle The 
compound to be delivered may also interact with the inner or outer surface of the vesicle or the non-vesicular carrier 
material in a limited manner. Such limited interaction would permit migration of the compound to be delivered for exam- 
ple, from the surface of a first vesicle to the surface of a second vesicle, or from the surface of a first non-vesicular sta- 
bilizing material to a second non-vesicular carrier material. Alternatively, such limited interaction may permit migration 
of the compound to be delivered, for example, from within the walls of a vesicle and/or non-vesicular carrier material to 

M ? a e rr S r riaC ? ° f ?, VeS '^ e an u d/0r non - vscicu!ar car " 6r ™ a| . a " u " vice versa, or trom inside a vesicle or non-vesicular 
40 carrier material to within the walls of a vesicle or non-vesicular carrier material and vice versa 

[0084] The present invention is directed, in part, to compositions for delivering one or more compounds into a cell 
Embodiments are provided which comprise compositions comprising, in combination with the compound or compounds 
to be delivered, an organic halide, a targeting ligand which may target tissues, cells and/or receptors in vivo and a 
nuclear localizator, sequence. In preferred embodiments, the compositions may further comprise a carrier material 
45 Also in certain preferred embodiments, the compositions may further comprise a fusion peptide 

[0085] The following is a detailed discussion of the various components which may be included in the compositions 
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Organic Halides 



J . . Th ( ere Zl a w,d u e vanetv of ° r 9 anic halid <* which may be employed in the compositions and methods of the 
presen invention^ Where the organic halide is a carbon based halide compound, the organic halide preferably contains 
from to about 30 carbon atoms, preferably from 1 to about 24 carbon atoms, more preferably from 1 to about 12 car- 
bon atoms, even more preferably from about 5 to about 1 2 carbon atoms, and still more preferably from about 6 to about 
0 carbon atoms. Thus, there may be in the organic halide compound, for example, 1,2, 3, 4, 5 6 7 8 9 10 11 12 
13. 14, 15 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 carbon atoms. Sulfur or setenium based ha. de 

h^nH S ,h SUC h 35 S "" Ur h6X f U ° ride Se ' eniUm hexa » uoride - are a| s° within the scope of the invention described 
herein and the phrase "organic halide" as used herein. The organic halides contemplated herein may also, for example 
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have carbon atoms interrupted by one or more heteroatoms, such as -O- heteroatoms (as in the case of, for example 
ether compounds) or they may have other substituents, such as amines, etc. Preferred organic halides of the present 
invention are perhalogenated compounds, especially perfluorinated compounds such as perfluorocarbons and oer- 
fluoroethers. K 

[0087] Table 1 lists representative organic halides useful in the present invention. Other organic halides suitable for 
use in the present invention will be readily apparent to one skilled in the art, once armed with the present disclosure All 
such organic halides are intended to fall within the scope of the term organic halide, as used herein. 

Table 1 
Organic Halides 
Compound Boiling Point fP) 



LJdixed-haloeenated rnpipny^ 




1 -bromo-nonafluorobutane 


43 


perfluorooctyliodide 


160-161 


perfluorooctylbromide 


142 


1 -chloro- 1-fluoro- 1 -bromomethane 
1,1,1 -trichloro-2,2,2-trifluoroethane 


38 


45.7 


1 ,2-dichloro-2,2-difluoroethane 


46 


1 , 1 -dichloro- 1 ,2-difluoroethane 


45 


1 ,2-dichloro- 1 , 1 ,3-trifluoropropane 


50.4 


1 -bromoperfluorobutane 


43 


1 -bromo-2,4-di fluorobenzene 


44 


2-iodo- 1 , 1 , 1 -trifluoroethane 


53 


5-bromovaleryl chloride 


43 


1 ,3-dichlorotetrafluoroacetone 


43 


bromine pentafluoride 


40.3 


1 -bromo- 1 , 1 ,2,3,3,3-hexafluoropropane 


35.5 


2-chloro l,l,l,4,4,4-hexafluoro-2-butene 


33 
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2- cbloropentafluoro-l ,3-butadiene 
iodotrifluoroethylene 

1 , 1 ,2-trifluoro-2-chloroethane 

1 ,2-difluorochloroethane 

1 , 1 -difluoro-2-chloroethane 

1 ,1 -dichlorofluoroethane 

heptafluoro-2-iodopropane 

bromotrifluoroethane 

chlorotrifluoromethane 

dichlorodifluoromethane 

dibromofluoromethane 

chloropentafluoroethane 

bromochlorodifluoromethane 

dichloro-1 ,1 ,2,2-tetrafluoroethane 

2. Fluorinated Compounds 
1,1,1 ,3,3-pentafluoropentane 
perfluorotributylamine 
perfluorotripropylamine 

3- fluorobenzaldehyde 

2- fluoro-5-nitrotoluene 

3- fluorostyrene 
3,5-difluoroaniline 
2,2,2-trifluoroethylacrylate 
3-(trifluoromethoxy)-acetophenone 
1 , 1 ,2,2,3 ,3 ,4,4-octafluorobutane 

1 , 1 , 1 ,3 ,3-pentafluorobutane 
1-fluorobutane 

1 ,1 ,2,2,3,3,4,4-octafluorobutane 
1,1,1 ,3,3-pentafluorobutane 
perfluoro-4 methylquinolizidine 
perfluoro-N-mcthyl-decahydroquinone 



37 

30 

30 

35.5 

35.1 

31.8 

39 

-57.8 
-81.5 
-29.8 
23 

-38.7 

-4 
3.1-3.6 



40 

178 

130 

56 

53 

40 

40 

45 

49 

44.8 

40 

32.5 

44.8 

40 

149 

150-155 



55 
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perfluoro-N-methyl-decahydroisoquinone 150-155 

perfluoro-N-cyclohexyl-pyrrolidine 145-152 

tetradecaperfluoroheptane 76 

dodecaperfluorocyclohexane 52 

3. Perfluorinated Compounds 

a. Perfluorocarbon s 

perfhioromethane -129 

perfluoroethane .78.3 

perfluoropropane .36 

perfluorobutanc .2 

perfluoropentane 29.5 

perfluorohexane 59-60 

perfluoroheptane 81 

perfluorooctane 102 

perfluorononane 125 

perfluorodecane - 143 
perfluorododecane melting pt 75-77 

perfluoro-2-methyl-2-pentene 5 1 

perfluorocyclohcxane 52 

perfluorodecalin 142 
pcrfluorododecalin 

perfluoropropylene -28 

perfluorocyclobutane -6 

perfluoro-2-butyne -25 

perfluoro-2-butene 1.2 

perfluorobuta-l,3-diene 6 

b. Perfluoroether Comp ounds 
perfluorobutylethyl ether 60 
bis(perfluoroisopropyl) ether 54 
bis(perfluoropropyl) ether 59 
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perfluorotetrahydropyran 34 

perfluoromethyl tetrahydrofuran 27 

perfluoro-t-butyl methyl ether 36 

perfluoroisobutyl methyl ether 

perfluoro-n-butyl methyl ether 35.4 

perfluoroisopropyl ethyl ether 

perfluoro-n-propyl ethyl ether 23.3 

perfluorocyclobutyl methyl ether 

perfluorocyclopropyl ethyl ether 

perfluoroisopropyl methyl ether 36 

perfluoro-n-propyl methyl ether 

perflourodiethyl ether 3-4.5 
perfluorocyclopropyl methyl ether 

perfluoromethyl ethyl ether -23 

perfluorodimethyl ether -59 

c. Other 

sulfur hexafluoride m.p. -50.5, 

sublimes -63.8 

selenium hexafluoride m.p. -34.6 
sublimes -46.6 



[0088] Preferred organic halides which may be employed in the methods and compositions of the present invention 
include, for example, 1-bromo-nonafluorobutane, 1,1,1,3,3-pentaftuoropentane, perfluorohexane, perfluorocyclohex- 
ane, 1-bromo-1,1 ,2,3,3,3-hexafluoropropane, heptafluoro-2-iodopropane, 1,1,2,2,3,3,4,4-octafluorobutane, 1-fluorobu- 
tane, tetradecaperfluoroheptane and dodecaperfluorocylclohexane. Particularly preferred are perfluorohexane 
(especially n-perfluorohexane) and perfluorocyclohexane. A wide variety of other organic halides useful in the present 
invention will be readily apparent to those of skill in the art once armed with the present disclosure. Suitable additional 
organic halides include those disclosed, for example, in Long, Jr., U.S. Patent Nos. 4,987,154, 4,927,623, and 
4,865,836, the disclosures of each of which are hereby incorporated herein by reference in their entirety. 
[0089] The amount of organic halide employed in the present invention may vary, as one skilled in the art will rec- 
ognize, once armed with the present disclosure, and may be dependent on such factors as the particular organic halide 
employed, the type and nature of the compound to be delivered, the other components employed in the composition, 
the age, weight, cells or patient (animal) to be treated, the particular diagnostic, therapeutic or other application 
intended (including the disease state, if any, to be treated), and the like. Typically, lower amounts may be used initially 
and then increased until the desired delivery effect is achieved. Representative amounts are exemplified in the exam- 
ples set forth herein. Of course, higher or lower amounts may be employed, as will be recognized by the skilled artisan. 
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Carriers 

[0090] As noted above, if desired, the compositions of the present invention may further comprise a carrier. The 
carrier employed may comprise a wide variety of materials. Carriers may include, for example, lipids, polymers, pro- 
teins, surfactants, inorganic compounds, metal ions, and the like, alone or in combination with water and/or another sol- 
vent, including an organic solvent. Alternatively, the carrier may simply comprise water and/or a solvent. The lipids, 
proteins, and polymers, for example, may be in liquid form or solid form, the latter including, for example, particles, fib- 
ers, sheets, layers, and the like, or they may take the form of a vesicle or other stable, organized form, which may 
include, for example, such forms commonly referred to as, for example, liposomes, micelles, bubbles, microbubbles, 
microspheres, lipid-, polymer-, and/or protein -coated bubbles, microbubbles and/or microspheres, microballoons, aero- 
gels, hydrogels, clathrates, hexagonal HII phase structures, and the like. The internal void of the vesicle or other stable 
form may, for example, be filled with a material, such as a liquid (including, for example, a gaseous precursor), gas, 
solid, or solute material, or any combination thereof, including, for example, the compound to be delivered, the organic 
halide, targeting ligand, and/or nuclear localization sequence. Typically, the carrier is provided as an aqueous milieu, 
such as water, saline (including phosphate buffered saline), and the like, with or without other carrier components, 
although other non-aqueous solvents may also be employed, if desired. The carrier may comprise a mixture in the form 
of an emulsion, suspension, dispersion, solution, and the like. Lipid (including oil) in water emulsions are especially pre- 
ferred. The carrier may also include buffers. 

[0091] Preferably, the compositions of the invention comprise carriers in the form of lipids. A wide variety of lipids 
may be used as stabilizing materials in the present invention. The lipids may be of either natural, synthetic or semi-syn- 
thetic origin, including for example, fatty acids, fluorinated lipids, neutral fats, phosphatides, phospholipids, oils, fluori- 
nated oils, glycolipids, lysolipids, surface active agents (surfactants and fluorosurfactants), aliphatic alcohols, waxes, 
terpenes and steroids. Exemplary lipids include, for example, phosphocholines, such as those associated with platelet 
activation factors (PAF) (Avanti Polar Lipids, Alabaster, AL), including 1-alkyl-2-acetoyl-sn-glycero 3-phosphocholines, 
and 1 -alkyl-2-hydroxy-sn-glycero 3-phosphocholines, which target blood clots; phosphatidylcholine with both saturated 
and unsaturated lipids, including dioleoylphosphatidylcholine; dimyristoylphosphatidylcholine; dipentadecanoylphos- 
phatidylcholine; dilauroylphosphatidylcholine; dipalmitoylphosphatidylcholine (DPPC); distearoylphosphatidylcholine 
(DSPC); and diarachidonylphosphatidylcholine (DAPC); phosphatidylethanolamines, such as dioleoylphosphatidyleth- 
anolamine, dipalmitoylphosphatidylethanolamine (DPPE) and distearoylphosphatidylethanolamine (DSPE); phosphati- 
dylserine; phosphatidylglycerols, including distearoylphosphatidylglycerol (DSPG); phosphatidylinositol; sphingolipids 
such as sphingomyelin; glycolipids such as ganglioside GM1 and GM2; glucolipids; sulfatides; glycosphingolipids; 
phosphatidic acids, such as dipalmitoylphosphatidic acid (DPPA) and distearoylphosphatidic acid (DSPA); palmitic acid; 
stearic acid; arachidonic acid; oleic acid; lipids bearing polymers, such as chitin, hyaluronic acid, polyvinylpyrrolidone 
or polyethylene glycol (PEG), also referred to as "pegylated lipids" with preferred lipid bearing polymers including 
DPPE-PEG (DPPE-PEG), which refers to the lipid DPPE having a PEG polymer attached thereto, including, for exam- 
ple, DPPE-PEG5000, which refers to DPPE having attached thereto a PEG polymer having a mean average molecular 
weight of about 5000; lipids bearing sulfonated mono-, di-, oligo- or polysaccharides; cholesterol, cholesterol sulfate 
and cholesterol hemisuccinate; tocopherol hemisuccinate; lipids with ether and ester-linked fatty acids; polymerized lip- 
ids (a wide variety of which are weii known in the art); diacetyi phosphate; dicetyi phosphate; stearylamine; cardiolipin; 
phospholipids with short chain fatty acids of about 6 to about 8 carbons in length; synthetic phospholipids with asym- 
metric acyl chains, such as, for example, one acyl chain of about 6 carbons and another acyl chain of about 1 2 carbons; 
ceramides; non-ionic liposomes including niosomes such as polyoxyalkylene (e.g., polyoxyethylene) fatty acid esters, 
polyoxyalkylene {e.g., polyoxyethylene) fatty alcohols, polyoxyalkylene {e.g., polyoxyethylene) fatty alcohol ethers, poly- 
oxyalkylene {e.g., polyoxyethylene) sorbitan fatty acid esters (such as, for example, the class of compounds referred to 
as TWEEN® including, for example, TWEEN® 20, TWEEN® 40 and TWEEN® 80, commercially available from ICI 
Americas, Inc., Wilmington, DE), glycerol polyethylene glycol oxystearate, glycerol polyethylene glycol ricinoleate, alky- 
loxylated (e.g., ethoxylated) soybean sterols, alkyloxylated (e.g., ethoxylated) castor oil, polyoxyethylene-polyoxypro- 
pylene polymers, and polyoxyalkylene (e.g., polyoxyethylene) fatty acid stearates; sterol aliphatic acid esters including 
cholesterol sulfate, cholesterol butyrate, cholesterol isobutyrate, cholesterol palmitate, cholesterol stearate, lanosterol 
acetate, ergosterol palmitate, and phytosterol n-butyrate; sterol esters of sugar acids including cholesterol glucuronide, 
lanosterol glucuronide, 7-dehydro-cholesterol glucuronide, ergosterol glucuronide, cholesterol gluconate, lanosterol 
gluconate, and ergosterol gluconate; esters of sugar acids and alcohols including lauryl glucuronide, stearoyl glucuro- 
nide, myristoyl glucuronide, lauryl gluconate, myristoyl gluconate, and stearoyl gluconate; esters of sugars and aliphatic 
acids including sucrose laurate, fructose laurate, sucrose palmitate, sucrose stearate, glucuronic acid, gluconic acid 
and polyuronic acid; saponins including sarsasapogenin, smilagenin, hederagenin, oleanolic acid, and digitoxigenin; 
glycerol dilaurate, glycerol trilaurate, glycerol dipalmitate, glycerol and glycerol esters including glycerol tripalmitate, 
glycerol distearate, glycerol tristearate, glycerol dimyristate, glycerol trimyristate; long chain alcohols including n-decyl 
alcohol, lauryl alcohol, myristyl alcohol, cety! alcohol, and n-octadecy! alcohol; 6-(5-cholesten-3j3-yloxy)- 1 -thio-p-D- 
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galactopyranoside; digalactosyldiglyceride; 6-(5-cholesten-3 p-yloxy)hexyl-6-amino-6-deoxy- 1 -thio-(3-D-galactopyran- 
oside; 6-(5-cholesten-3 p-yloxy)hexyl-6-amino-6-deoxyl- 1 -thio-a-D-mannopyranoside; 12-(((7'-diethylaminocoumarin- 
3-yl)carbonyl)methylamino)-octadecanoic acid; N-[ 1 2-(((7 , -diethylaminocoumarin-3-yl)carbonyl)methylamino)-octade- 
canoyl]-2-aminopalmitic acid; cholesteryl(4'-trimethylammonio)butanoate; N-succinyldioleoylphosphatidylethanol- 
amine; 1 ,2-dioleoyl-sn-glycerol; 1,2-dipalmitoyl-sn-3-succiny!g!ycerol; 1 f 3-dipalmitoyl-2-succinylglycerol; 1-hexadecyl- 
2-palmitoylglycerophosphoethanolamine and palmitoylhomocysteine, and/or any combinations thereof. In preferred 
embodiments, the stabilizing materials comprise phospholipids, including one or more of DPPC DPPE DPPA DSPC 
DSPE, DSPG, DSPAand DAPC. 

[0092] Examples of polymerizable lipids which may be polymerized include lipids containing unsaturated lipophilic 
chains, such as alkenyl or alkynyl, containing up to about 50 carbon atoms; phospholipids such as phosphoglycerides 
and sphingolipids carrying polymerizable groups; and saturated and unsaturated fatty acid derivatives with hydroxyl 
groups, such as triglycerides of d-12-hydroxyoleic acid, including castor oil and ergot oil. Polymerization may be 
designed to include hydrophilic substituents such as carboxyl or hydroxyl groups, to enhance dispensability so that the 
backbone residue resulting from biodegradation is water soluble. Suitable polymerizable lipids are also described, for 
example, by Klaveness et al, U.S. Patent No. 5,536,490, the disclosures of which are hereby incorporated by reference 
herein in their entirety. 

[0093] Suitable fluorinated lipids include, for example, compounds of the formula C n F 2n+1 (CH 2 ) m C(0)OOP(00- 
)0(CH 2 ) w N + (CH 3 ) 3 C n F 2n+1 (CH2) m C(0)0 where m is 0 to about 18, n is 1 to about 12; and w is 1 to about 8. Examples 
of and methods for the synthesis of these, as well as other fluorinated lipids useful in the present invention, are set forth 
in copending U.S. Application Serial No. 08/465,868, filed June 6, 1995; Reiss et al, U.S. Patent No. 5,344 '930' Frezard 
et al., Biochem Biophys Acta, 7792:61-70 (1994); and Frezard et al, Art. Cells Blood Subs and Immob Biotech., 
22:1403-1408 (1994), the disclosures of each of which are hereby incorporated herein by reference in their entirety! 
One specific example of a difluoroacylglycerylphosphatidylcholine, nonafluorinated diacylglycerylphosphatidylcholine, 
is represented by compound A, below. Once armed with the teachings of the present application, one skilled in the art 
will appreciate that analogous fluorinated derivatives of other common phospholipids {e.g., diacylphosphatidylserine, 
diacylphosphatidylethanolamine, diacylphosphatidylglycerol, diacylphosphatidylglycerol, and the like) as well as fluori- 
nated derivatives of fatty acyl esters and free fatty acids may also function in accordance with the scope of the invention. 
Additionally lipid based and fluorinated (including perfluorinated) surfactants may be used as stabilizing materials in the 
present invention. 

[0094] Exemplary polymerizable and/or fluorinated lipid compounds which may be utilized in the compositions of 
the present invention are illustrated below. 
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5s In formula A, above, x is an integer from about 8 to about 1 8, and n is 2x. Most preferably x is 1 2 and n is 24. In formulas 

' * and L ' above - m ' m ' and n ' are ' independently, an integer of from about 8 to about 18, preferably about 10 to 
about 14. 

[0095] Other lipids which may be employed in the present compositions include, for example, 
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[0096] If desired, a cationic lipid may be used, such as, for example, N-[1 -(2,3-dioleoyloxy)propyl)-N,N,N-trimethyl- 
ammonium chloride (DOTMA), 1 r 2-dioleoyloxy-3-(trimethylammonio)propane (DOTAP); and 1 ,2-dioleoyl-3-(4'-trimeth- 
ylammonio)-butanoyl-sn-glycerol (DOTB). If a cationic lipid is employed in the lipid compositions, the molar ratio of 
cationic lipid to non-cationic lipid may be, for example, from about 1 :1 000 to about 1 :1 00. Preferably, the molar ratio of 
cationic lipid to non-cationic lipid may be from about 1 :2 to about 1:10, with a ratio of from about 1:1 to about 1 :2.5 being 
preferred. Even more preferably, the molar ratio of cationic lipid to non-cationic lipid may be about 1:1. 
[0097] If desired, aggregates or cochleates may be constructed of one or more charged lipids in association with 
one or more polymer bearing lipids, optionally in association with one or more neutral lipids. The charged lipids may 
either be anionic (i.e., negatively charged, that is, carrying a net negative charge) or cationic (i.e., positively charged, 
that is, carrying a net positive charge). Typically, the lipids are aggregated in the presence of a multivalent species, such 
as a counter ion, opposite in charge to the charged lipid. 

[0098] Exemplary anionic lipids include phosphatidic acid and phosphatidyl glycerol and fat acid esters thereof, 
amides of phosphatidyl ethanolamine such as anandamides and methanandamides, phosphatidyl serine, phosphatidyl 
inositol and fatty acid esters thereof, cardiolipin, phosphatidyl ethylene glycol, acidic lysolipids, sulfolipids, and sulfati- 
des, free fatty acids, both saturated and unsaturated, and negatively charged derivatives thereof. Phosphatidic acid and 
phosphatidyl glycerol and fatty acid esters thereof are preferred anionic lipids. 

[0099] When the charged lipid is anionic, a multivalent (divalent, trivalent, etc.) cationic material may be used to 
form aggregates. Useful cations include, for example, cations derived from alkaline earth metals, such as beryllium 
(Be +2 ), magnesium (Mg +2 ), calcium (Ca +2 ), strontium (Sr +2 ), and barium (Ba +2 ); amphoteric ions such as aluminum 
(Al +3 ), gallium (Ga +3 ), germanium (Ge +3 ), tin (Sn +4 ), and lead.(Pb +2 and Pb +4 ); transition metals such as titanium (Ti +3 
and Ti +4 ), vanadium (V+ 2 and V +3 ), chromium (Cr +2 and Cr +3 ), manganese (Mn +2 and Mn +3 ), iron (Fe +2 and Fe +3 ), 
cobalt (Co +2 and Co +3 ), nickel (Ni +2 and Ni +3 ), copper (Cu +2 ), zinc (Zn +2 ), zirconium (Zr +4 ), niobium (Nb +3 ), molybde- 
num (Mo +2 and Mo +3 ), cadmium (Cd +2 ), indium (ln +3 ), tungsten (W +2 and W +4 ), osmium (Os +2 , Os +3 and Os +4 ), iridium 
(lr +2 , lr +3 and lr +4 ) t mercury (Hg +2 ), and bismuth (Bi +3 ); and rare earth lanthanides, such as lanthanum (La +3 ), and 
gadolinium (Gd +3 ). Cations in all of their ordinary valence states will be suitable for forming aggregates and crosslinked 
lipids. Preferred cations include calcium (Ca +2 ), magnesium (Mg +2 ), and zinc (Zn +2 ) and paramagnetic cations such as 
manganese (preferably Mn +2 ) and gadolinium (Gd +3 ). Particularly preferred is calcium (Ca +2 ). Some of the above ions 
(e.g., lead and nickel) may have associated toxicity and thus may be inappropriate for in vivo use. 
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[0100] One or more cations, such as zinc (Zn +2 ) or manganese (Mn +2 and Mn +3 ) may be optionally included in the 
present compositions. It is contemplated that these cations may, for example, improve transfection efficiency and mod- 
IfSSZ fT 685 ! 0 "' Che ' ateS SUCh 38 e%'e"ediaminetetraacetic acid (EDTA), 1, 4,7,1 O-tetraazocyclododecane- 
' N ' N ; N " tetraacetlc ^id (DOTA), and diethylenetriaminepentaacetic acid (DTPA) may also be employed to deliver 
such cations to the target cells. Preferably, the cations are derivatized for incorporation into a stabilizing or DNA-con- 
densing media. For example, the cyclic anhydride of DTPA may be covalently bound to polylysine. Preferably, the 
chelate ,s covalently bound to a lipid as described, for example, in U.S. Patent No. 5,512,294, the disclosures of which 
is hereby incorporated herein by reference, in their entirety. In embodiments involving chelates covalently bound to lip- 
ids, from about 0.1 to about 10 mole % of the lipid employed may preferably be derivatized to form the chelate-bearing 

•T 16 " * « 6 °I iar9ed " Pid iS Cati ° niC ' a " ani0nic ma,erial may be used t0 ,orm aggregates. Preferably, the ani- 
on c material ,s mult.valent, such as, for example, divalent. Examples of useful anionic materials include mona.omic Z 

2 ^n\ a T S SUC A 38 Carbox y' a,e ions ' su,,ide io ". ions, sulfate ions, oxide ions, nitride ions, carbonate ions 

2£££ T , 0, , EDTA ' ° TPA ' ^ D ° TA may a,S ° be USed 0ther exam P |es °< ^ionic materia s 
include anions of polymers and copolymers of acrylic acid, methacrylic acid, other polyacrylates and methacrylates 
polymers w„h pendant S0 3 H groups, such as sulfonated polystyrene, and polystyrenes containing carboxylic add 

f mm ,o ^ X T Pl ? 0 \ cation ' c "P^ include those listed above. A preferred cationic lipid for formation of aggregates 
Ld'sS ^^^^^-^^^^ chtoride (DOTMA). Synthetic cationic lipids may also be 
plln^ m h a,l °"! C '' Plds ' nclude common "atural lipids derivatized to contain one or more basic functional groups 
Examples o lipids wh,ch can be so modified include dimethyldioctadecylammonium bromide, sphingolipids, sphingV 

ZJJS^*"^ 38 9an9 ' iOSide QM1> SUl,a,ideS ' cholesterol and choLtero, 

esters and salts N-succinyldioleoylphosphatidylethanolamine, 1,2,-dioleoyl-sn-glycerol, l,3-di P a.mitoy.-2-succinylg.yc- 

mocylifenr ° S " C l9lyCer0 '' 1 ■ hexadec y | - 2 -P almi, °V | 9 l y cer °P n osphatidylethanolamine and palmitoylho- 
[0103] Specially synthesized cationic lipids also function in the embodiments of the invention, such as those 

221 'h ; 5 ' 83 °' 430 ' diSC ' 0SUreS 0< WNch are incor P° rated ^rein by refere ce in Z 

entirety and include, for example, N,N'-bis (dodecyarrfnoca^ 

2 l ™a*onylme.hy.ene-e.hy.enediamine tetraiodide; N.N-bis-hexadecy.aminoca^ 
tris(p-N,N,N-trimethylammoniumethylaminocarbonylmethylenediethylenetriamine hexaiodide; N,N'-bis(dodecylamirioc- 
abonylmethylene)-N,N-b l s(P- N ,N,N-«rimethylammoniumethylaminocarbony.methy.ene)cyc.ohexylene- 1 7aZe 
tetraiodide; 1,1 .7,7-te.ra-(P-N,N,N,N-teVamethy.ammoniumethy.aminocarbonyl-me,hylene)-3-hexadecyl- aminS 

r A , ddi,i0nal sui, abie cationic lipids include dimyristyloxypropyl-3-dimethylhydroxyethylammonium bromide 
(DMRIE), d,lauryloxypro P yl-3-d,methylhydroxyethylammonium bromide (DLRIE), N-[1-(2,3-dioleoyloxyl) P ro P all-n n n 

(DPEPC). dioleoylphosphatidylcholm* (DOPC) ; nniylysine, !i P c P c!»!"cino diH^o„i mo ,h.,i, mr „„„ i ,l, Kli.ln.n, 
^- d, oleoyloxy-N-[2-(s^™ 

methy^mmonium brom.de (CTAB). lysyl-PE, 3, P -[N,(N', N --dimethylaminoethane)carbamoy.]choles terol (DC-Choles- 
DOTMaT dinalm^ ^ H^'f^' Ch ° ,eS,er °'' N^^'^^'aoyloxyJpropylhN.N.N-trime.hy.ammon urn chlorfde 
mS7r2ppw5 T, P ha,ld y' ethano| amine-5-carboxyspermylamide (DPPES), dicaproylphosphatidylethano.a- 
cM^wTS^T'T* { T Pl d ir ^'P^Phatidylethanolamine (DMPE), dioleoyleth Ipnospho- 
mm? '? t f q ' d octadecylam,doglycyl spermidine (DOGS), N-[1-(2,3-dioleoyloxy)propyl]-N-[1.(2-hydroxyethvhl- 
N I N -dimethylammonium iodide (DOHME), Lipofectin (DOTMA + DOPE. Life Technologist L, G LeZT 

rim T A + f D ? PE ; D U,e TeChn0, °9 ieS ' Gaithersburg, MD), Transferee (Life Technotogies, Tnc 
Other Tran ( S,eCtam i Prome 9 a Ltd " Madison - *")• Cytofectin (Life Technologies Inc., Gaithersburg MD) 

w7Z£^-?T? llpidS ! nclude but are not limited <° Phosphatidylethanolamine, phospa.idylcholinS glyc- 
ero-3-e.hylphosphat.dylchol,ne and fatty acyl esters thereof, di- and trimethylammonium propane, di-and triethylammo- 
n um propane and fatty acyl esters thereof. A preferred derivative from this group is N-[1 -(2,3 dioleoyloxy)p SSSSE- 

SXSZ^T <D ?? A) - Addi,i0na " y ' 3 ^ * Symhe,iC Ca,i0 " ic »P ids 'uncCr c ompounds 
Examoe of S h k T * ^ ^ dMzed t0 COn,ain 0ne or ™ re ba ^c functional groups. 

fnhiTnl? h P . ° may b6 S ° m0di ' ied indude but are not ,imi,ed 10 dimethyldioctadecylammonium bromide 

S^ST^'TV^ ly l 0,iPidS ' 9 ' yCOliPidS SUCh 33 9an9 ' iOSide GM1 ' SUI,a ' ides ' g'yoosphingolipids choles 
tero and cholesterol esters and salts, N-succinyldioleoylphosphatidylethanolamine, 1 ,2%ioleoyl- S n-qlycerol 3 

ani:r a » 

[0105] In the case of carriers which include both cationic and non-cationic lipids, a wide variety of lipids, as 



24 



EP 1 046 394 A2 

3 h ° Ve ' b ^ P, ° yed 33 ' he non - cationic "P«- Preferably, the non-cationic lipid comprises one or more 
phosphohp.ds, such as DPPC. DPPE and dio.eoylphosphatidyle.hanolamine. Instead of the cationic lipids listed atove 

£££ ? k 9 T P T erS ' SUCh 33 P ° ,ylySine ° r as as alkyl phosphona.es, alkyl phosphinates 

and alkyl phosphites, may be used in the stabilizing materials. n"w>pninaws, 

[O106] Saturated and unsaturated fatty acids which may be included as stabilizing materials in the carriers include 
molecu es that contain from about 1 2 carbon atoms to about 22 carbon atoms, in linea'r or branched Z 
groups consisting of isoprenoid unrts and/or prenyl groups can be used. Suitable saturated fatty acids include for exam- 
ple ; launc, mynstic, palmitic, and stearic acids. Suitable unsaturated fatty acids include, for example, lauroleic physe- 
tenc, myr.stole.c, palm.toleic, petroselinic. and oleic acids. Suitable branched fatty acids include, for example isolaS 
isomynstic, isopalmitic, and isostearic acids. «*<«npie, isoiaunc, 

SIS, ■ T ,U ' ' ipidS , 0r combina,ions ,hereof a PParent fo one skilled in the art are also encompassed by the 

present ,nvent.on. For example, carbohydrate-bearing lipids may be used, as described in U.S. Patent No 4 310 505 
the disclosures of which are hereby incorporated herein by reference in their entirety ' ' 

[0108] In addition to stabilizing materials and/or vesicles formulated from lipids, embodiments of the present inven- 
lon may involve vesicles formulated, in whole or in part, from proteins or derivatives thereof. Suitable proteins include 
for example, albumin, hemoglobin, a- 1 -antitrypsin, a-fetoprotein, aminotransferases, amylase. C-reacSve S ca^ 
c.noembryonic antigen, ceruloplasmin, complement, creatine phosphokinase, ferritin, fibrinogen, fibrin. transpSase 
gastnn, serum globulins, myoglobin, immunoglobu.ins. lactate dehydrogenase, lipase, lipoproteins. a^Id^SSS' 
a kalme phosphatase, a-1-serum protein fraction, a-2-serum protein fraction. P -protein fraction ,piZS 
glutemy, transferase Other s.abi.izing materia* and vesic.es formulated from proteins that may'be used n t e prese ', 
mvenfon are described, for example, in U.S. Patent Nos. 4,572.203, 4,71 8,433, 4,774,958, and 4,957 656 the So 
sures o, each of wh.ch are hereby incorporated herein by reference in their entirety. Other suitable S^i, 8 2- 

ST T^T C f h r Uld be t0 ° ne ° f ° rdinary Ski " ,he art in view of < he Present so o ^e 

™ „ r to stabilizing matenals and/or vesicles formulated from lipids and/or proteins, embodiments of the 
present mven.ion may also mvolve stabilizing materials or vesicles formulated from polymers which may natural 
semisynthetic (modified natural) or synthetic origin. Polymer denotes a compound comprised o, wo or mo^repeat no 
monomenc urate, and preferably 10 or more repeating monomeric units. Semi-synthetic polymer (o^mod fied na'u al 
polymer) deno es a nature, polymer that has been chemically modified in some fashion Sui.ab nature Xer 
nclude naturally occurring polysaccharides, such as, for examp.e, arabinans, fructans, fucans, galactan gaEon 
ans glucans mannans xy.ans (such as, for example, insulin), levan, fucoidan, carrageenan gala.ocarolose S 
acd pec ,ns (including high methoxy pectin and low methoxy pectin; with low methoxy pectin preferably denS oSn 
m which less than about 40% of the carboxy.ic acid groups are esterified and/or amidated aSSS 

P ^f y d ! n ?" n9 " WhiCh 3bOUt 4 ° % ° r m ° re °' the Carb °^ c acid groups are JS2iZ^SSS 
2Z' K 1 9yC ° 9 r' amyi0pectin ' cel,ulose . ° e *™, dextrin, dextrose, glucose, po.yglucose polyXxtSe' 
pustular, chiton, agarose, keratin, chondroitin. derma.an, hyaluronic acid, alginic acid, xanthin gum starch and va ious 
aSd ofam n r° P ° h" 1 " "J"™***™* such as those containing one or more of the uL*ES£££ 
acids or amines, erythrose, threose, ribose, arabinose, xylose, lyxose, allose, altrose, glucose dextrose mannose 
gulose, idose, galactose, talose, erythrulose, ribulose. xylulose, psicose, fructose. snr^ J ™!LTT% ™Z Z *' 
lactose, sucrose, trehalose, maltose, cellobiose, glycine, serine, threonine, cysteine, tymsinrasmra'aine'oiutlminp' 
aspar t,c acd. glutamic acid, lysine, arginine, histidine, glucuronic aoid, gluconic acid giucTrfc' S^SSZ 
mannuronic acd, glucosamine, galactosamine, and neuraminic acid, and natural y occurring dS^S' 

fnZTr Z , SU 6 I 0 ''™ 8 inC ' Ude ' ,0f 8Xample ' pr0teins > such as albumin. Exemplary semi-Vyn^STpS 
nclude celluloses, such as carboxymethylcellulose, hydroxymethylcellu.ose, hvdroxypropylLhylcltse m^thTel 
lulose, and methoxycellulose. Exemplary synthetic polymers include polyphosphazenes, SS J a po 1 hv " 

PLURON CS® ommeT?' P °Wt" *"* * 6Xample ' ,he ClaSS - co « ^LedTo a 

nn.vnv^h f ' T T V U ° m BASF ' Parsi PPanv. NJ), polyoxyalkylenes (e.g., polyoxyethylene such a! 

SSSS^n?^ , ; T P h °' yethy,ene ,erePhth ' a,e ' P 0, ^°Py |enes (auch as, for example, polypi e g" cot) 
2 2 po ly v,n y is (such as, for example, polyvinyl alcohol (PVA), polyvinyl chloride and polwinyUroS' 
polyamides mcludmg nylon, polystyrene, polylactic acids, fluorinated hydrocarbon polymers fluorina ed clmon 12' 
mers (such as, for examp.e, polytetrafluoroe.hylene), acrylate, methacry.ate, and poCSmSi^S^S" 

vinyhdene, as well polyfunctional crosshnking monomers such as N,N'-methylenebisacrylamide, ethylene glycol 
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dimethacrylates, 2,2 1 -(p-phenylene-dioxy)diethyl dimeth-acrylate, divinylbenzene, triallylamine and methylenebis(4- 
phenylisocyanate), including combinations thereof. Preferable polymers include polyacrylic acid, polyethyleneimine 
polymethacrylic acid, polymethylmethacrylate, polysiloxane, polydimethylsiloxane, polylactic acid polyfe-caprolac- 
tone) epoxy resin, poly(ethylene oxide), polyethylene glycol), and polyamide (nylon) polymers. Preferable copolymers 
include polyvmyhdene-polyacrylonitrile, polyvinylidene-polyacrylonitrile-polymethylmethacrylate, polystyrene-polyacry- 
lonitnle and poly d-1, lactide co-glycolide polymers; most preferably polyvinylidene-polyacrylonitrile. The polymers 
employed may also comprise fluorinated polymers, including those described in Lohrmann U S Patent No 5 562 892 
the disclosures of which are hereby incorporated herein by reference in their entirety. Furthermore, the polymers'may 
be in the form of vesicles, such as for example, those described in Unger, U.S. Patent No. 5,205,290, the disclosures of 
which are hereby incorporated herein by reference in their entirety. Other suitable monomers and polymers will be 
apparent to one skilled in the art in view of the present disclosure. 

[01 10] Stabilizing materials and vesicles may be prepared from other materials. The materials may be basic and 
undamental and may form the primary basis for creating or establishing the stabilizing materials. For example sur- 
factants and fkiorosurfactants may be basic and fundamental materials for preparing stabilizing materials and vesicles 
On the other hand the materials may be auxiliary, and act as subsidiary or supplementary agents which may enhance 
the functioning of the basic stabilizing material(s), or contribute some desired property in addition to that afforded by the 
basic stabilizing material(s), such as surfactants and/or polymers. 

10111] It is not always possible to determine whether a given material is a basic or an auxiliary agent since the 
funchoning of the material is determined empirically, for example, by the results produced with respect to producing sta- 
bbing materials or vesicles. As an example of how the basic and auxiliary materials may function, it has been 
observed that the simple combination of a lipid and water or saline when shaken will often give a cloudy solution sub- 
sequent to autoclaving for sterilization. Such a cloudy solution may function as a contrast agent, but is aesthetically 
objectionable and may imply instability in the form of undissolved or undispersed lipid particles. Cloudy solutions may 
also be undesirable where the undissolved particulate matter has a diameter of greater than about 7 urn, and especially 
greater than about 1 0 urn. Manufacturing steps, such as sterile filtration, may also be problematic with solutions which 
contain undissolved particulate matter. Thus, propylene glycol may be added to remove this cloudiness by facilitating 
dispersion or dissolution of the lipid particles. Propylene glycol may also function as a wetting agent which can improve 
vesicle formation and s ab .zat.on by increasing the surface tension on the vesicle membrane or skin. It is possible that 
propylene glyco can also function as an additional layer that may coat the membrane or skin of the vesicle, thus pro- 
viding additional stabilization. The surfactants described in U.S. Patent Nos. 4,684,479, 5,215,680 and 5 562 893 the 
disclosures of each of which are hereby incorporated by reference herein in their entirety, may be used as basic or aux- 
iliary stabilizing materials in the present invention. 

E ™ , 0i ' S °V flu ° rina |! d oi,s are auxiliar y and basi * stabilizing materials that may be used in the compositions of 
? £SZ T^T T 6 °" S , in ?' Ude ' eXamP ' e ' S0Vbean * Peanul 0il ' Canola oil ' ° ,ive * «* corn 

mvrfetvl aLhol or MHo2 T • ^ ^ °' ea,e ' iS ° Pr0Py ' myriS,a,e ' ' S0 ^ P almrta,e > «* 

Z h ° ct y |dode ^ ol '.P erslc °". ^same oil, myristyl oleate, cetyl oleate, and myristyl palmitate. Other suit- 
es hi. i Th"* ^ 6 °" S C ° nSiStin9 ° f Sa ' Ura,ed ' unsatL " a ^, and/or partially hydrogena.ed fatty acids, si.i- 
22^S^^T fl ',? r eXamP H e ,i Viny '- ,ermina,ed ' Mdde-terminated, si.anol-.erminated. amino "ermine, 
epoxy-terminatea, carbinol-termmated fluids, and other silicon-based oils such as mercapto-modified silicon fluids and 

^TrSl r ' q ^ ne ' Squa,am,ne ' or a "V ° ,her oil c ° m ™nly known to be ingestible which is suitable for 

^ h L f, h t C °? P0U A nd ln accordance wi,h tne herein. The oils described herein may be fluorinated 

such as fluorinated triolein. A "fluorinated oil" refers to an oil in which at least one hydrogen atom of the oil s replaced 

k ' eaSt tW ° ° f m ° re ° f ,he hydr ° 9en a ' 0mS in ,he - are^eplaL with fio nSS 
Fluorinated triglyceride oils may be prepared by reacting a reactive fluorinated species, such as, for example a fluorine 

o'e inT ST U Tm "SKS ? 10 Pr ° dUCe d6Sired ,IU ° rina,ed ,ri9lyCeride - ° ther ° ils ascribed fo exam 
Sl131 Adtr*?' ■ . ' ' h 6 K ISCl0SUreS °' WhlCh are her6by by reference herein in their entirety. 

[0113] Additional auxiliary and basic stabilizing materials which may be used in the present invention are 

US - Pa,ent No - 5 ' 736 ' 1 21 ■ tha Closures of which are hereby incorporaS IheZby re" 

inVJL r. C ° mp ° UndS USed ,0 make mixed micel,e ^ms may be used as basic or auxiliary stabilizing materials 
ZZon^ZZ^M H n d °ff Vl SU f ,e ' Cety,ammonium halid -. cety.a.ky,ammonium y ha.ides, lauryl"' 
J™ XStCe^ 

nium bromide/chloride, benzy.dimethy, hexadecylammo^m tmfdS^ 
ahde (e.g, bromide/chloride, cety.dimethylethylammonium ha.ide bromide/chioride, i cetylpJnZurfbSde/chr 
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\nl mLrJSM P0SS ?' e 10 ? nhanCe ,hS S,abi ' ity ° f Stabili2in9 ma,erials or vesicle s by incorporating in the stabiliz- 
ing materials and/or ves.cles at least a minor amount, for example, about 1 to about 10 mole % baser on Z 7«1 
amount of lipid used of a negatively charged lipid. Suitable negatively **JiS^i*J^V2£ 
dylsenne, phosphatide acid, and fatty acids. Without intending to be bound by any theory of operation ^fe beS th^ 
such negatively charged lipids provide added stability by counteracting the tendency o°veS I 'r Ire bv fu JTo 
ogether Thus the negatively charged lipids may act to establish a uniform nega.i^y *£^X<^? 

hereto 17, *' ?** 1' * * ° U,er *»" «• -ifSE ^SS^^SH 

TruZe o?^:™T«r\ b : less prone to come imo ,ouchin9 ■* «* — SiiSKSS 

a rupture of the membrane or skin of the respective vesicles and consolidation of the contacting vesicles into a sinolP 
larger vesicle. A contmuation of this process of conso.idation wi„, of course, lead to significant the vS 

[01 16] The lipids used, especially in connection with vesicles, are preferably flexible This means in th* Mte », 
dm 'n iJZ.^T, ' mM ™r ,S ' S ' aNtein » m "- i " *""°< «* =0"W«IOO mav contain in * 0 I. o, in 

[F(CF2CF 2 )3.eCH CH 2 0] 1i2 -P(0)(0-NH/) 2i1 ) which have terminal ph()sphate groups, and ZONYKfeteS wh'^h' 
s ?7fi TJT^S oln TJ ° nt C ° mpany - 0tner sui,able "uorosurfactants are described in U S Patent Nos 

Lrrnl (I): ' ' * S,ab '" Zln9 ma,er,a ' may ta 3 " UOrinated ,at * ac *' derivative, such as, for example, tha, o, 

CF r (CF 2 ) n -(CH 2 ) m -C(=0)-OH (|) 

atr, l^SnoTuT" 7 ,0 *°" ^' Preferably ,r ° m M 9 * ab ° U « 1 1 - d m is a " ^ °' 1 to 
[0120] The stabilizing material may be a PEG Telomer comoound of formula mv 

v*/ • 

C x F2x + r(CH 2 ) 2 -(OCH 2 CH 2 ) 2 -OH (|() 

[0121] The stabilizing materia, may be a f.uorina.ed carbohydrate derivative, such as, for exampie, tha, o, formula 

CxF 2x+ r(CH 2 ) 2 -(OCH 2 CH 2 ) z -0-A (|||) 

preferably from about 8 to abo 10 ^^^5JSS .SlT " " T ab0l,f 8 * ^ 12; S,i " m ° re 
monosaccharides and disacchar idesT ude Z Lmnte JZL I " m0n ° Saccharide ° r a "'saccharide. Suitable 
gulose, idose Galactose talo^ f !. P ' ° S6 ' a ' tr0Se ' 9 ' ucose ' dex,rose ' mannose, glycerose 
u-ose. xytfose'tXos ?t£TZZt^£^ T ta9a, ° Se ' *"«■ ****** * y,0se ' ,yxose ' * 
and the like. P referabl the InosaX^ord k^h h ° S6 ' rna " 0Se ' iSOma " OSe ' ,reha,ose - cellobio ^ 

cosamine, 9 ^JlTr^e^ZZaSoT " ° ^ deX,r ° Se ' ,rUCt ° Se ' 9alaC,0Se ' *" 

[0122] The stabilizing materia, may also be a fluorina.ed lipophilic derivative, such as, for example, that o, formula 
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(IV), which includes the compounds described in U.S. application Serial No. 08/465,868, filed June 6 1 995 the disclo 
sures of which are hereby incorporated by reference herein in their entirety: 

<Xl — R 1>x 

(Rl X,) y Y R, Z 



(X, — R l)z 

(IV) 

where each of x y and z is independently 0 or 1; each X, is independently -O-. -S-, -SO-, -S0 2 - -NR 4 - -C(-X,)- - 
X it > x ( t' -°t X2) - m *- ° r - NR ^ C (= X 2 )-; *2 « O or S; Y is a direct bond or -^(^(OrXo where 

residue or -N(R 6 ) r , where r ,s 2 or 3; each R 1 is independently an alkyl group of 1 to about 30 carbon atoms orTffuoT 
nated alkyl group of to about 30 carbon atoms; R 2 is a direct bond or an a<ky.ene linking group 0 M to S 10 ca bo 
atorns^ R 3 ls a d.rec bond or an alkylene diradical of 1 to about 10 carbon atoms; each of R, and R 5 is MependeS 
hydrogen or an alkyl group of 1 to about 8 carbon atoms; and each R 6 is independently hyd ogen an alvl arouo on 
to about B carbon atoms or a residue of a hydrophi.ic polymer; provided that atlas, one %^?£fiEZ one 

z a?e each a " ^ * 1 ' 0 *°* 3 ° a, ° mS; Pf ° Vided ,hat When »> is a « bond two o! x y and 

lomfLh 5- fo T" , (IV \ each of x ' V and z is independently 0 or 1, provided that at least one of x y and z is 1 In 
some embodiments two of x, y and z are each 0. In other embodiments, one of x, y and z is 0 or 1 and ?he other two 

ot^em^ 

S" M EaTx ,era o y ' T " indePendem,:; " " 

10125] Each X 2 is O or S, preferably O. \«2/«- 

? !2 J d a v direCt b ° nd ° r - X 3- M <=°)(ORs) q -0-, where q is 1 or 2. Preferably, Y is -X 3 -M(=0)(OR<) -O- M is P or 
S, preferably P. X 3 is a direct bond or -0-, preferably, a direct bond u MUH 5 ) p o . M is P or 

*Znjzs£s£z -N( R r :r ue of a hydrophiiic po,ymer ' a saccharide residue ° r - n(r6) " where r is 2 - 3 - 

[0128] Each R, is independently an alkvl arouo of 1 to about 3n r.arhnn at^c ~r o ^ , . . 

atom tang more praemd. Wh.n a Clurtnud alkyl groop ol 1 to about 30 oarbon alL R, to mtattS F 

[0130] R 3 is a direct bond or an alkylene diradical of 1 to about 10 carbons Prefers r ic.hv ^ ^ 

3- 1 * 1^^^ 8 carbon atoms, pref- 

[0132] R 6 is a hydrogen atom, an alky. group of 1 to about 8 carbon atoms or a residue of a hydrophiiic polymer. 
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w 



15 



25 



Preferably, R 6 is a hydrogen atom or an alkyl group of 1 to about 4 carbon atoms. More preferably R R is a hvdrooen 
atom or a methyl group, with a methyl group being even more preferred. Preieraoiy, H 6 is a hydrogen 

!or!S, m/w 6n anysymb °' appears more ,han in a particular formula or substituent, such as, for example in 
formula (IV) ,ts meaning ,n each instance is independent of the other, unless otherwise indicated This independence 
of mean.ng ,s subject to any of the stated provisos. Also, when each of two or more adjacent symbi is defined as 
singTe direcfld * ^ ***** *"» *»* the ™^ ^ **! Ld^voSo a 

[0134] z and Re in the definition of Z in formula (IV), can be the residue of a hydrophilic polymer Exemplary oolv 

tain one 52? £ T^ 9 ' ** eXamP ' e ' P ° ly(viny ' a ' COho, > : polymers in w ^ the repeating un 2S 

tain one or more ammo groups (polyamine polymers), including, for example, peptides, polypeptides proteins and Moo 
protems such as albumin and natural lipoproteins; polymers in which the repeating 

groups (pdycarboxy polymers), including, for example, carboxyme.hylcellu.ose, a.ginic add and safe US such as 
sod,um and calcum annate, glycosaminoglycans and salts thereof, including salts of hyaluronic add phTsphoStea 
and sulfonated denva ves of carbohydrates, genetic material, such as interleukin-2 andlnterferon and SSSSS 
ate ohgomers. and polymers in which the repeating units contain one or more saccharide moieties (Polvsacchar^ 
ymers), rnclud.ng, for example, carbohydrates. The molecular weight of the poUTre from whicTz^ 2?, p ^ 

l°JSn ul n Pre ^ rreC ! P °T erS ,r ° m WhiCh 2 and/or R * are derived include . tor example, polyethylene glycol) (PEG) 

C£ SZoS'^S poly(viny ' a,cohol) ' wi,h PEG paS h P S: 

n nm M , u? 9 . ° P ° lymerS are PEG polymers havin 9 a molecular weight of from about 100 to about 
!heS mula (S red " UOrina,ed C ° mp0UndS ,hat are withi " the S -Pe - formula (IV) are the fluorinated compounds of 
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CF 3 (CF 2 ) n (CH2) m COCHCH 2 OPO (CH 2 ) m NfCHgk 



10 



15 



OH 



CH 2 OC— (CH 2 ) m — (CF 2 ) n — CF 3 



(IVa) 



so where n is an integer of from about 7 to about 1 3, preferably from about 9 to about 1 1 ; and m is an integer of from about 
1 to about 4, preferably 1 to about 2. 

[01 39] The stabilizing material may also be a fluorinated amphiphilic moiety of formula (V): 



25 



30 



(X1R1), 



(Ri X,) y R 2 — y — R 3 — Z — CCHzOtCKiCHaOJeCHaCHzOCHzCOH 



(X1R1); 



35 



40 



45 



50 



55 



(V) 

where R„ R 2 , R 3 , X„ Y, Z, x, y and z are as defined in formula (IV), including the preferred embodiments thereof and 
where e ,s an integer of from 1 to about 30, preferably about 3 to about 20, more preferably about 4 to about 16 still 
more preferably about 4 to about 1 2, most preferably about 7 to about 9. 

10140] In a more preferred embodiment, the compound of formula (V) may be a compound of the formula (Va): 
CFafC^yCH^ (CHj^CF^CFa 

o=c c=o 



o 

I 

HC 



I I 



OH 



-CHCHjOPOfC^^H— CCHjOfCHjC^OJeC^CHjOCHsCOH 

O 



(Va) 



where n and m are as defined above in formula (IVa) and where e is as defined above in formula (V). 
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(VI) 41 ' Stabi,izln9 material ma y a,so be a Auorinated fatty acyl derivative, such as, for example, that of formula 



CF 3 -J-T-C(=0)-OH 



(VI) 



[0142] Still further, the stabilizing material may be a fluorinated lipophilic derivative, such as, for example that of 
formula (VII): ' 



CF 3 J t COCHCH 2 OPO T NfCHafe 



OH 



CH 2 OC T J CF 3 



(vn) 



In the above formulas (VI) and (VII), J is (-(C=C) pr (CF 2 ) pr (C=C) p3 -(CF 2 ) p4 .(C=C) p5 -(CF 2 ) p6 -(C=C) pr (CF 2 ) p8 . 
(O-O) p9 -(CF 2 ) p10 -(C=C) pir (CF 2 )p 12 -(C=C)p 13 -,) t where p1, p2, p3, p4, p5, p6, p7, p8, p9, p10, p11, p12 and p13 are 
independently an integer of 0, 1 or 2; provided that the sum of (p1 + p2 + p3 + p4 + p5 + p6 + p7 + p8 + p9 + p1 0 + p1 1 
+ p1 2 + p1 3) is an integer of from about 7 to about 1 3, and provided that at least one of p2, p4, p6, p8 pi 0 or pt 2 is an 
integer of at least 1 ; and where T is (-(C=C) tr (CH 2 ) t2 -(C=C) t3 -(CH 2 ) t4 -), where t1 , t2, t3, and t4 are independently an 
integer of 0, 1 or 2; provided that the sum of (t1 + 12 + 13 + t4) is an integer of from 1 to about 4. 
[0143] Other suitable fluorinated compounds that may be used as stabilizing materials and/or vesicles are 
described in U.S. Patent No. 5,562,893, the disclosures of which are hereby incorporated by reference herein in their 
entirety. For example, synthetic organic monomeric repeating units may be used to form polymers suitable as stabilizing 
materials, including hydroxyacids, lactones, lactides, glycolides, acyl containing compounds, aminotriazol, orthoesters 
anyhdrides, ester imides, imides, acetals, urethanes, vinyl alcohols, enolketones, and organosiloxanes. 
[0144] The method of introducing fluorine into any of these materials is known in the art. For example, the introduc- 
tion u,' perfiuoro-i-buiyi moieties is described in U.S. Patent No. 5,234,680, the disclosures of which are hereby incor- 
porated by reference herein in their entirety. These methods generally involve the reaction of perfluoroalkyJ carbanions 
with host molecules as follows: 



(CF 3 ) 3 C- + R-X -> (CF 3 ) 3 C-R, 

where R is a host molecule and X is a leaving group, such as bromine, chlorine, iodine or a sulfonato group. After adding 
a leaving group to the foregoing stabilizing material using methods well known in the art, perfluoro-t-butyl moieties can 
then be easily introduced to these derivatized stabilizing materials as described above. Additional methods are known 
in the art for the introduction of trifluoromethyl groups into various organic compounds. For example, trifluoromethyl 
groups may be introduced by nucleophilic perfluoroalkylation using perfluoroalkyl-trialkylsilanes. 
[0145] Fluorine can be introduced into any of the aforementioned stabilizing materials or vesicles either in their 
monomeric or polymeric form. Preferably, fluorine moieties are introduced into monomers, such as fatty acids amino 
acids or polymenzable synthetic organic compounds, which are then polymerized for subsequent use as stabilizing 
materials and/or vesicles. 

[0146] Introduction of fluorine into stabilizing materials and/or vesicles may also be accomplished by forming vesi- 
cles in the presence of a perfiuorocarbon gas. For example, when vesicles are formed from proteins, such as human 
serum albumin in the presence of a perfiuorocarbon gas, such as perfluoropropane, using mechanical cavitation, fluo- 
rine from the gas phase becomes bound to the protein vesicles during formation. The presence of fluorine in the vesi- 
cles and/or stabilizing materials can be detected by NMR of vesicle debris which has been purified from disrupted 
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vesicles. Fluorine can also be introduced into stabilizing materials and/or vesicles using other methods, such as soni- 
cation, spray-drying or emulsification techniques. 

[0147] Another way in which fluorine can be introduced into the stabilizing material and/or vesicle is by using a flu- 
orine-containing reactive compound. The term "reactive compound" refers to compounds which are capable of interact- 
ing with the stabilizing material and/or vesicle in such a manner that fluorine moieties become covalently attached to 
the stabilizing material and/or vesicle. When the stabilizing material is a protein, preferred reactive compounds are 
either alkyl esters or acyl halides which are capable of reacting with the protein's amino groups to form an amide linkage 
via an acylation reaction. The reactive compound can be introduced at any stage during vesicle formation, but is pref- 
erably added to the gas phase prior to vesicle formation. For example, when vesicles are to be made using mechanical 
or ultrasound cavitation techniques, the reactive compound can be added to the gas phase by bubbling the gas to be 
used in the formation of the vesicles (starting gas) through a solution of the reactive compound into the gas phase. The 
resultant gas mixture, which now contains the starting gas and the reactive compound, is then used to form vesicles. 
The vesicles are preferably formed by sonication of human serum albumin in the presence of a gas mixture, as 
described in U.S. Patent No. 4,957,656, the disclosures of which are hereby incorporated herein by reference in their 
entirety. 

[0148] Suitable fluorine containing alkyl esters and acyl halides for use as stabilizing materials and/or vesicle form- 
ing materials in the present invention include, for example, diethyl hexafluoroglutarate, diethyl tetrafluorosuccinate, 
methyl heptafluorobutyrate, ethyl heptafluorobutyrate, ethyl pentafluoropropionate, methyl pentafluoropropionate, ethyl 
perfluorooctanoate, methyl perlluorooctanoate, nonafluoropentanoy! chloride, perfluoropropionyl chloride, hexafluoro- 
glutaryl chloride and heptafluorobutyryl chloride. 

[0149] Other fluorine containing reactive compounds can also be synthesized and used as the stabilizing materials 
and/or vesicle forming materials in the present invention, including, for example, aldehydes, isocyanates, isothiocy- 
anates, epoxides, sulfonyl halides, anhydrides, acid halides and alkyl sulfonates, which contain perfluorocarbon moie- 
ties, including -CF 3 , -C 2 F 5 , -C 3 F 4 and -C(CF 3 ) 3 . These reactive compounds can be used to introduce fluorine moieties 
into any of the aforementioned stabilizing materials by choosing a combination which is appropriate to achieve covalent 
attachment of the fluorine moiety. 

[0150] Fluorine may preferably be introduced in quantities sufficient to decrease the permeability of the vesicle to 
the aqueous environment. This may advantageously result in a slower rate of gas exchange with the aqueous environ- 
ment which is evidenced by enhanced pressure resistance. Although the specific amount of fluorine necessary to sta- 
bilize the vesicle will depend on a variety of factors, including the components of the vesicle and the gas contained 
therein, after introduction of fluorine the vesicle will preferably contain 0.01 to 20% by weight, and more preferably about 
1 to 1 0% by weight fluorine. 

[0151] It may be desirable to use a fluorinated liquid, especially a liquid perfluorocarbon or a liquid perfluoroether, 
which are liquids at the temperature of use, including, for example, the in vivo temperature of the human body, to assist 
or enhance the stability of the compositions of the present invention. Suitable liquid perfluorocarbons and liquid per- 
fluoroethers include, for example, perfluoroheptane, perfluorooctane, perfluorononane, perfluorodecane, perfluorodec- 
alm, perfluorododecalin, peril uorooctyliodide, perfluorooctylbromide, perfluorotripropylamine, perfluorotributylamine, 
perfluorobutylethyl ether, bis(perfluoroisopropyl) ether and bis(perfluoropropyl) ether. Among these, perfluorooctylbro- 
mide is preferred. Although not intending to be bound by any theory of operation, in the case of vesicle compositions 
the fluorinated liquid compound may be situated at the interface between the gas and the membrane or wall surface of 
the vesicle. Thus, an additional stabilizing layer of fluorinated liquid compound may be formed on the internal surface 
of the stabilizing composition which may also prevent any gas from diffusing through the vesicle membrane. 
[0152] Other surfactants which may also be used in the compositions of the present invention are partially fluori- 
nated phosphocholine surfactants. In these fluorinated surfactants, the dual alkyl compounds may be fluorinated at the 
terminal alkyl chains and the proximal carbons may be hydrogenated. 

[0153] Still other suitable surfactants that may be used in the compositions of the present invention include for 
example, compounds identified as TRITON-X® (e.g., octoxynols; available from Rohm & Haas, Philadelphia PA) 
BRIJ (e.g., polyoxyethylene ethers; available from ICI-Americas, Wilmington, DE), and FLUORADS® (eg fluoro- 
chemicai surfactants; available from 3M, St. Paul, MN). 

[01 54] Preferred embodiments of the invention may involve vesicles which comprise three components- (1 ) a neu- 
tral lipid, for example, a nonionic or zwitterionic lipid, (2) a negatively charged lipid, and (3) a lipid bearing a stabilizing 
material, for example, a hydrophilic polymer. Preferably, the amount of the negatively charged lipid will be greater than 
about 1 mole % of the total lipid present, and the amount of lipid bearing a hydrophilic polymer will be greater than about 
1 mole % of the total lipid present. Exemplary and preferred negatively charged lipids include phosphatidic acids The 
lipid bearing a hydrophilic polymer will desirably be a lipid covalently linked to the polymer, and the polymer will prefer- 
ably have a weight average molecular weight of from about 400 to about 100,000. Suitable hydrophilic polymers are 
preferably selected from the group consisting of polyethylene glycol (PEG), polypropylene glycol, polyvinyl alcohol and 
polyvinyl pyrrolidone and copolymers thereof, with PEG polymers being preferred. Preferably, the PEG polymer has a 
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molecular weight of from about 1000 to about 7500, with molecular weights of from about 2000 to about 5000 being 
more preferred. The PEG or other polymer may be bound to the lipid, for example, DPPE, through a covalent bond 
such as an amide, carbamate or amine linkage. In addition, the PEG or other polymer may be linked to a targeting lig- 
and, or other phospholipids, with a covalent bond including, for example, amide, ester, ether, thioester, thioamide or 
disulfide bonds. Where the hydrophilic polymer is PEG, a lipid bearing such a polymer will be said to be "pegylated " In 
preferred form, the lipid bearing a hydrophilic polymer may be DPPE-PEG, including, for example DPPE-PEG5000 
which refers to DPPE having a polyethylene glycol polymer of a mean weight average molecular weight of about 5000 
attached thereto (DPPE-PEG5000). Another suitable pegylated lipid is distearoylphosphatidylethanolamine-polyethyl- 
ene glycol 5000 (DSPE-PEG5000). y 

[0155] In preferred embodiments, the lipid compositions may include about 77.5 mole % DPPC 12 5 mole % of 
10 m °' e % 0< DPPE - PEG50 °0- Also preferred are compositions which comprise about 80 to about 90 mole 
/» DPPC, about 5 to about 15 mole % DPPA and about 5 to about 15 mole % DPPE-PEG5000. Especially preferred are 
compositions which comprise DPPC, DPPA and DPPE-PEG5000 in a mole % ratio of 82:10:8, respectively. DPPC is 
substantially neutral, since the phosphatidyl portion is negatively charged and the choline portion is positively charged 
Consequently, DPPA, which is negatively charged, may be added to enhance stabilization in accordance with the mech- 
TT ™ bed . ab0ve - DPPE - PEG P rovides a P^lated material bound to the lipid membrane or skin of the vesicle 
by the DPPE moiety, with the PEG moiety free to surround the vesicle membrane or skin, and thereby form a physical 
barrier to various enzymatic and other endogenous agents in the body whose function is to degrade such foreign mate- 
rals. The DPPE-PEG may provide more vesicles of a smaller size which are safe and stable to pressure when com- 
bined with other lipids, such as DPPC and DPPA, in the given ratios. It is also theorized that the pegylated material 
because of its structural similarity to water, may be able to defeat the action of the macrophages of the human immune 
system, which would otherwise tend to surround and remove the foreign object. The result is an increase in the time 
during which the stabilized vesicles may function as contrast media. 

[0156] The terms "stable" or "stabilized" mean that the vesicles may be substantially resistant to degradation 
including, for example, loss of vesicle structure or encapsulated photoactive agent, gas, gaseous precursor and/or tar- 
geting hgand, for a useful period of time. Typically, the vesicles employed in the present invention have a desirable shelf 
life often retaining at least about 90% by volume of its original structure for a period of at least about two to three weeks 
under normal ambient conditions. In preferred form, the vesicles are desirably stable for a period of time of at least 
about 1 month more preferably at least about 2 months, even more preferably at least about 6 months, still more pref- 
erably about 18 months, and yet more preferably up to about 3 years. The vesicles described herein, including gas 
and/or gaseous precursor filled vesicles, may also be stable even under adverse conditions, such as temperatures and 
pressures which are above or below those experienced under normal ambient conditions 

[ °] 5 I}„ T J'! S,abiiizin9 ma,erials and/or vesicles ^ed in the present invention may be controlled according to size 
solubility and heat stability by choosing from among the various additional or auxiliary stabilizing materials described 
Jere«. These materials can affect the parameters of the vesicles, especially vesicles formulated from lipids, not only by 

lurL^Hh TT J , membranes ' but also b * their abil *y to modify the viscosity and surface tension of the 
surface of the vesicle. Accordingly, the vesicles used in the present invention may be favorably modified and further sta- 
bilized, for example, by the addition of one or more of a wide variety of (i) viscosity modifiers, including, for example 
caroonyaraies ana their phosphorylated and sulfonated derivatives; polyethers, preferably with molecular weight 
ranges between 400 and 100.000; and di- and trihydroxy alkanes and their polymers preferably with moTecufar we gh 

ZZSZZ T 50,00 °; 00 emU ' Si,yin9 and/ ° r SO ' Ubili2in9 a9en,S includin 9' ** —P'e. mS^SSS. 
a id oleiHcohn V 7 monos ( ,eara,e - lanolin Echols, lecithin, mono- and di-g.ycerides, mono-ethanolamine, oleic 
acid, oleyl alcohol, poloxamer, for example, poloxamer 188, poloxamer 184, poloxamer 181, PLURONICS® (BASE 

rZ P ri , in P ? y T ,hy, f ne f S,earat6 ' P ° ly0Xyl 35 CaSt0r 0il ' P 01 ^ 1 10 ole y' e,her . PO^xyl 20 cetostearyi 
e her, polyoxyl 40 stearate, polysorbate 20, polysorbate 40, polysorbate 60, polysorbate 80. propylene glycol diacetate 

sZLnmn no TTTTS SOdium M - ^ur* stearate, sorbi.an mono-laurate, Lrbi.an mono 22,' 
sorbitan mono-palmitate. sorbitan monostearate, stearic acid, trolamine, and emulsifying wax; (iii) suspending and/o 

ro^T aSln9 o,T ,S 'J nClUdin9, ' 0r eXample ' 3CaCia ' a9ar ' a, 9 ini0 acid ' alu minum mo o-s,eara»e benton / 
oelaTn carbox ymethylcel.u.ose. ca.cium and sodium and sodium 12. carrageenan, cellutose, dextran 

SZlZ!^^!^^^^ hydr0xye,h y ,cel,ul ^ Mroxypropy, methyl-cellulose. magnesium-al^ 
minum-silicate, ZEOLITES®, methylcellulose, pectin, polyethylene oxide, povidone, propylene glycol alginate silicon 
dioxide, sodium alginate, tragacanth, xan.han gum, a-d-gluconolac«one, glycerol and malol; (KSu^S 
p 9 P r 9 r a nH SUC 9lyC °' <PEGK P^'P^'Wone (PVP), polyvinylalcoho. (PVA , polypropylene ^ycol 

mTnn Lj , P h °' ySOrba,e: and < v > ,onici, y raisin 9 a 9*nts which stabilize and add tonicity, including tor example, soS 
mannitol, trehalose, sucrose, propylene glycol and glycerol. ' 
[01 58] The present stabilizing materials and/or vesicles are desirably formulated in an aqueous environment which 

It?! 7 ma : eria ' ie9 - 3 ' iPid b6CaUSe °' itS Wobic-hydrophilic nature) to form vesides 1 ch 
may be the most stable configuration which can be achieved in such an environment. The diluents which can be 
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^Z^^^^^^^r^ dance wi,h ,he present inven « ion *** 

be employed as carriers in the ^^K^ZS^" ,hT ' inka9eS ' A Wide V3rie,y of proteins ™V 
the term "protein" are globular proteins such as albuS 1^ V !^ «^ semi-synthetic proteins. Included within 
gens, elastins and keratins. AIsS CSSSS^JS^ ^ T°T ™" 35 C ° ,la " 

tan molecule, such as nucleproteins mucooroteinT linln 7 ! P molecu 'e is united with a nonpro- 
macromotecules include .or example ailTrn^L.; ^ ' 1 me,a "°P r °<^s. Preferable proteinaceous 
Hn, with albumin, SSSfcfcS^ po ^ i " MhB - «**«*» - Wobu- 

Propeptides are also useful as caTei Fl^ T™* PepMes and syn,he,ic 

in Lohrmann, U.S. Patent No. 5,562,892 the dSS^JS^S h" k ^ eSem inVemi ° n inC ' Ude ,hoSe described 
entirety. Cationic peptides may also be uJSSSS iS^hSTT'"^ ^ * WteWnoe h ,heir 
for use in the present invention will be apparent to onTskSed t h^rt Presentment™. Various peptides suitable 
[0160] The compositions of the present wenfcn m t L, , d ° n the PreSent discl °sure. 

•ated from proteins, peptides anZZZTesT^L^ '^J^ ° r oth - organized stable forms formu- 
be sui,ab,e for use in the method^ ; oi ^ZSi^ET^^^"^ "* M ™ M 

4,572,203, 4,718,433, and 4,774,958, and Cerny « a" U S P^i H ^T***' " FeinS,6in ' US Patent Nos - 
which arehereby incorporated by efereSinZre^ ° f ,he disclosures «* «ch of 

™^tt?Ssz£ a a s s ™ rs= r ,ion - suifab,e me,ai ions ■**» 

-ons as well as other suitable inorganic cotiil^^iS^ ^T" Com P° unds - <*her suitable metal 
the present invention. compounds will be read.lv apparent to those skilled in the art once armed with 

^o^s^^s Z£S?£: r er r : he presem inven,ion inciude «** 

particular formulation desired sus P^mg agents, humectants and anti-humec.ants, depending upon the 

SheS 

halide and/or compounds to be delivered^ m hi!' t ,,qU ! d dro P' ets ' P ar,icl <*. gas bubbles, etc.) of the organic 
generally affec, the size o, any resulted g a stSesZ ZtrTir^™ ^ *" °' *°* Uni * wi » 
stabilizing agents also may be used to generally coat or sSi izeThlT • f IT* The emulsi 'y ino **» 

Stabilization is desirable to maximize the In^Zlt^Z^ T* com P° unds *> «» delivered, etc. 

absolute requirement. Because any gas resuSg rom omanic haS „ 9 Stabi ' iZa,i ° n " P ™- ,his is not a " 
air, they may still be designed to provide uselTdeSv^^ 2 9 T"* pn0unsOfS iS 9e " eral,y more stable »han 
culation following peripheral venous U^EZ^J^S!^^^ ' hr0U9h ,he PU ' m ° nary cir ' 

snouia oe noted that compositions stabilized by polysaccharides ^1^" «*>u..«ing materials. Also, it 

•ve than those stabilized by albumin and otJ^ns mT^^I ' *'* 9eneral,y more e « ec " 

ferred, since microspheres stabi.ized with ihL cZZT^T USm9 a ' ipha,iC c ° m P°^s are pre- 

[0164] The carrier of the invention may 7sc See a Zl S£ T ^ ^ S,ab ' e '° PfeSSUre Chanaes - 
to carbohydrates and their phosphoryla Jo and suT.o afed deZS 222"* ""J""* "^i" 9 a " d n0t limi,ed 
rangng from about 400 to about 8000; di- and trihyd^ka^S ' P 6rab ' y With m ° ,eCU ' ar wei 9 hts 

ranging from about 800 to about 8000. Glycero, 552^553 pSSZST"; ^ "* m ° ,eCU,ar We '' 9h,S 
nyl alcohol may also be useful as carriers or stabLra i Hhe Sen^ni" ^" oMo ^ and pofyvi- 

such as hydroxyapatite, metal oxides and wSZteoZTe n T?"- Par " cles which are P°rous or semi-solid 

Err a r ,er or nidus ,o s,abiii - S2i 2 rr^r™" 5 acid with caicium may be used - d 

Iposomes. ^^^^^ ^ a — Particularly in conjunction with .ipids or 

olin alcohols, lecithin, mono- and d^rWeT nSno diethanolamina . 9'vceryl monos.eara.e, lan- 

ene 50 stearate, polyoxy, 35 castor^oSx^ S* °' eyl ^ PoVoxyethyl- 

polysorbate 20, polysorbate 40, polysor^ate ^ povSltfso ST 2 °, Cetostea ^ e ^ Po'voxyl 40 stearate, 
tearate, sodium laury, sulfate, sodium stearal SSStS^S^ ^ Pr ° Py ' ene 9,yc °' monos - 

opalmitate, sorbi.an monostearate, stearic acid trlmine ^,1^ SOrbilan monoolea, e, sorbitan mon- 
component of the lipid in lieu of the utunS^Z^SS^ IT A " ?*" ^ PerflUOr ° ,atty adds as a 
ong,n may be used. Suspending and/or viscosi^Ss^cSsTaTT f ^ ,0Und " PidS °' P ' ant or animal 
so^onsincludebutarenotlimitedto, acacia, aka^^^ 
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934P, carboxymethylcellulose, calcium and sodium and sodium 12, glycerol, carrageenan, cellulose, dextrin gelatin 
guar gum, hydroxyethyl cellulose, hydroxypropyl methylcellulose, magnesium aluminum silicate, methylcellulose pec- 
tin, polyethylene ox.de, polyvinyl alcohol, povidone, propylene glycol, alginate, silicon dioxide, sodium alginate t'raga- 
canth, and xanthum gum. A preferred product of the present invention incorporates lipid as a mixed solvent system in 
a ratio of 8:1:1 or 9:1:1 normal saline:glycerol:propylene glycol. 

[0166] The amount of carrier material employed in connection with the subject invention may vary, as one skilled in 
the art will recognize upon being placed in possession of the subject disclosure, and may be dependent on such factors 
as the particular carrier used, the type and nature of the compound to be delivered, the age, weight, cells or patient (ani- 
mal) to be treated, the particular diagnostic, therapeutic or other application intended (including the disease state if any 
to be treated), and the organic halide (if any) used. Generally, smaller amounts of carrier are employed, and increased 
until the desired delivery result is obtained. Representative amounts are set forth in the examples herein Of course 
higher or lower amounts may be employed, as will be recognized by the skilled artisan. 

Compounds to be Delivered 

[01 67] Compounds to be delivered to target cells include bioactive agents such as, for example, prodrugs diagnos- 
tic agents, pharmaceutical agents, drugs, synthetic organic molecules, proteins, peptides, vitamins, steroids steroid 
analogs and genetic material. 

[0168] In a preferred embodiment of the present invention, the compound to be delivered may be genetic material 
including genetic material directed to TNF. For example, the compound(s) to be delivered to target cells may be TNF 
inhibitors which bind the tumor necrosis factor receptor (TNF-R) while preferably avoiding the promotion of inflamma- 
tion. Generally speaking, TNF-R may be found in elevated levels on cells implicated with the out of control immune 
response associated with rheumatoid arthritis (RA). These receptors may m turn be activated by TNF binding which 
may further proceed to promote inflammation. Thus, genes encoding mutant TNF may be delivered to cells Exemplary 
TNF molecules which may be included in the present compositions, and the preparation of such molecules are 
described, for example, in Perez, et al., Cell, 1990, 63, 251-258, Nakamura, etal., Int J. Cancer, 1991 48 744-748 
Barbara, etal., EMBOJ., 1994, 13, 843-850, and Nakamura, etal., Agric. Biol. Chem., 1990, 54, 3241-3250 the dis- 
closures of each of which are hereby incorporated herein by reference in their entirety 

[0169] In another preferred embodiment of the invention, mutant TNF-R may be used to interfere with promotion of 
^f ammation^ For example, nucleic acid molecules encoding a fusion protein comprising the TNF-binding portion of 
TNF-R and the F c region of an immunoglobulin such as IgG may be used. Thus, expression of the fusion protein on the 
surface of a cell may advantageously result in TNF binding without the initiation of an immune response and subse- 
quent mflammation caused by the particular cell targeted. Exemplary TNF-R molecules which may be included in the 
presen compositions, and the preparation of such molecules, are described, for example, in Barbara, et al EMBO J. 
1994, ?3 843-850, Stroka, et al., Transplant Proc, 1997, 29, 882, Cope, et al., J. Rheum., 1995, 22, 383-384 and 
Yamagish,, et al., Preotein Engineering, 1990, 3, 713-720, the disclosures of each of which are hereby incorporated 
herein by reference in their entirety. 

[0170] In another preferred embodiment of the invention, nucleic acid molecules Pnmrfinn mutant ll_-i anrf 
gamma interferon (IFN-y) and their receptors may be used. Both IL-1 and IFN-y are involved in inflammation Thus 
expression of mutant IL-1, IFN-y, and receptors for each can be used to interfere with inflammation. Exemplary IL-10 
molecules which may be included in the present compositions, and the preparation of such molecules, are described 
for example, in Chrunyk, etal., J. Biol. Chem., 1993. 268, 18053-18061, the disclosures of which are hereby incorpc^ 
rated herein by reference in their entirety. Exemplary IFN-y receptor molecules which may be included in the present 
composit.ons, and the preparation of such molecules, are described, for example, in Schreiber et al Int J 
'^nopharmac .1992, 14, 413-419 and Farrar, et a,., J. Biol. Chem., 1991, 266, 19626-19635, the disclosures of 
each of which are hereby incorporated herein by reference in their entirety. Exemplary IFN-y molecules which may be 
included ,n the present compositions, and the preparation of such molecules, are described, for example, in Haelewyn 

Ealth ScT^'sTI* q 3 f; h 59 H- 5 f ^ W r 9 ' ^ SdenCe ^ Seri6S B (Chem and U* Sciences and 
entirety disclosures of each of which are hereby incorporated herein by reference in their 

Sri ho ^ri C ° m P° Unds *° be , delivered t0 tar 9 et cells ™y also be ribozymes, which are enzymes that generally tar- 
ge, and degrade nucleic acd molecules. Exemplary ribozymes which may be included in the present compositions and 
/oc r? SUCh molecules ' are described, for example, in Hodgson, etal., Nuc. Acids Res 1994 22 1620 

1625, Doudna J.A., in Methods In Molecular Biology, 1997, Turner, P.C. Ed., Vol 74. Humana Press, Totowa. NJ and 

ereTcefn fheir e^ty. ' ' 14 "" 1418 ' *" diSC '° SUreS °< each °« which are incorporated herein by £ 

[0172] In another preferred embodiment, the compounds to be delivered to target cells may be antisense olioonu- 
cleotides directed to TNF, TNF-R, IL-1, IL-1R, IFN-y, and IFN-yR. Exemplary oligonucleotides (Erected to TNF-R 
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include, for example, the compounds described in Pampfer, et a/., Biol. Reproduct., 1 995, 52, 1 31 6-1 326 and Ojwang 
ef a/., Biochem. , 1997, 36, 6033-6045, the disclosures of each of which are hereby incorporated herein by reference in 
their entirety. Exemplary oligonucleotides directed to IL-1 include, for example, the compounds described in Burch et 
a/., J. Clin. Invest., 1991, 88, 1190-1196 and Maier, era/., Science, 1990,249, 1570-1574, the disclosures of each of 

5 which are hereby incorporated herein by reference in their entirety. Exemplary oligonucleotides directed to TNF include 
for example, the compounds described in Wu, era/., Proc. Am. Assoc. Cancer Res., 1993, 34, 439, the disclosures of 
which are hereby incorporated herein by reference in their entirety. Exemplary oligonucleotides directed to IFN-y include 
the compounds described, for example, in Boeve, ef a/., J. Leuk. Biol., 1994, 55, 169-174, the disclosures of which are 
hereby incorporated herein by reference in their entirety. Exemplary oligonucleotides directed to IFN-y receptor include 

w for example, the compounds described in Doherty, et al., J. Surg. Res., 1996, 64, 68-74, the disclosures of which are 
hereby incorporated herein by reference in their entirety. 

[0173] In another preferred embodiment, the compounds to be delivered to target cells may be telomerase com- 
pounds. Exemplary telomerase compounds which may be included in the present compositions, and the preparation of 
such compounds, include those described, for example, in U.S. Patent 5,698,686, the disclosures of which are hereby 
is incorporated herein by reference in their entirety. 

[0174] The compositions and methods of the present invention permit the delivery of sequences coding for the 
gene expression of a variety of proteins, and antisense sequences which block gene expression of a variety of proteins 
As a result, a number of inflammatory diseases may be prevented and/or treated with the transfection methods of the 
present invention. 

so [0175] Intracellular delivery and transfection in accordance with the methods of the present invention may be per- 
formed m vivo, ex vivo, and in vitro. Included within the above three methods is human gene therapy including methods- 
wh,ch involve excising cells to be treated from a patient. The cells may be treated with an appropriate nucleotide 
sequence and transfection with ultrasound may be carried out in cell culture. The transfected cells may be analyzed for 
gene expression of the appropriate protein. The successfully transfected cells, measured by gene expression may then 

25 be returned to the body of the patient. Transfection with ultrasound may thereby desirably and advantageously result in 
the treatment of diseases by gene therapy. Diseases to be treated with the methods of the present invention include and 
are not limited to inflammatory diseases such as, for example, rheumatoid arthritis. Many other diseases may, of 
course, be treated with the methods of the present invention, as will be apparent to the skilled artisan once armed with 
the teachings of the present disclosure, and the treatment of all such diseases are to be considered within the scope of 

30 the present methods. 

[0176] In addition to a coding sequence or antisense sequence, the nucleotide sequence administered to cells may 
have additional sequences to assist in the expression of the sequence. Suitable expression vectors, promoters 
enhancers, and other expression control elements are known in the art and may be found, for example, in Sambrook et 
k " ,Z e ?"ll r ?'° nln9: A Oratory Manual, Second Edition, Cold Spring Harbor Laboratory Press, Cold Spring Har- 
cwl ( 11 ?™ disc,osures ot which are hereb V incorporated herein by reference, in their entirety. Promoters such 
as SV40, RSV, CMV. cd5k, IL5R a pgk-1 , sra, TK, and the like may also be useful in the present invention. Transcription 
and/or translation control elements may be operatively linked to the sequence. For example, in an upstream position a 
promoter may be followed by a translation initiation signal, comprising a ribosome binding site and an initiation codon 
ana in a downstream pos.tion may be a transcription termination signal. The transcription and translation control ele- 

'0 ments may be hgated in any functional combination or order. The transcription and translation control elements used in 
any particular embodiment of the invention are preferably chosen with reference to the type of cell into which the 
express.on vector will be introduced, so that an expression system is created. The selection of promoters, enhancers 
and other expression control elements and the preparation of expression vectors suitable for use in the present inven- 
ioo will be well within the ambit of one skilled in the art once armed with the present disclosure. Also, introduction of 

<s the express.on vector incorporating a sequence into a host cell may be performed in a variety of ways known in the art 
Expression vectors which may be utilized in the present compositions and which are commercially available from 
Promega (Madison, Wl) include, for example, SV40 (Simian Virus 40), CMV (Human cytomegalovirus), RSV (Rous 
Sarcoma virus) and adenovirus, as well as various plasmids including P Br322. Additional suitable expression vectors 
can be obtained from Invitrogen, Inc. (Carlsbad, CA) and Clontech (Palo Alto, CA) 

•o [01 77] Mammalian cells may be primed to be more susceptible to uptake of DNA for gene therapy by the addition 
of various media, buffers, and chemicals known to those of skill in the art and set forth in Sambrook, supra, the disclo- 
sures of which are hereby incorporated herein in their entirety. 

[0178] Administration of nucleotide sequences in vivo may include, if desired, more than one sequence For exam- 
pie, a single carrier may contain more than one sequence or carriers containing different sequences may be co-admin- 

ahh? ? ' ° ne ! 6qUenCe may b6 de ' ivered in a carrier and ano,ner naked wquence coadministered 

Additional sequences, such as promoter sequences, may be delivered together with a sequence for therapeutic deliv- 

nL y i,n°n' n nr aSe e ^ ess '' 0 "^ reo, ^ example, a heat shock protein nucleic acid sequence is an example of an upreg- 
ulating gene sequence which may be used to increase expression of a second gene sequence 
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[01 79] A wide variety of other compounds may be delivered to cells using the compositions of the present invention 
including, for example, pharmaceuticals, drugs, diagnostic agents, synthetic organic molecules, proteins, peptides, vita- 
mins, steroids, and genetic material, as well as other bioactive agents. Exemplary of such other compounds include for 
example, the following: mitotic inhibitors such as the vinca alkaloids; radiopharmaceuticals such as radioactive iodine, 
phosphorus and cobalt isotopes; hormones such as progestins, estrogens and antiestrogens; anti-helminthics, antima- 
larials and antituberculosis drugs; biologicals such as immune sera, antitoxins and antivenins; rabies prophylaxis prod- 
ucts; bacterial vaccines; viral vaccines; aminoglycosides; respiratory products such as xanthine derivatives 
theophylline and ammophylline; thyroid therapeutics such as iodine salts and anti-thyroid agents; cardiovascular prod- 
ucts including chelating agents and mercurial diuretics and cardiac glycosides; glucagon; blood products such as 
parenteral iron, hemin, hematoporphyrins and their derivatives; targeting ligands such as peptides, antibodies, and anti- 
body fragments; biological response modifiers such as muramyl dipeptide, muramyl tripeptide, microbial cell wall com- 
ponents, lymphokmes (e.g. bacterial endotoxin such as lipopolysaccharide and macrophage activation factor); subunits 
of bacteria (such as Mycobacteria and Comebacteria); the synthetic dipeptide N-acetyl-muramyl-L-alanyl-D-iso- 
glutamme; antifungal agents such as ketoconazole, nystatin, griseofulvin, flucytosine (5-fc), miconazole, and amphoter- 
icin B; toxins such as ricin; immunosuppressants such as cyclosporins; and antibiotics such as p-lactam and sulfazecim 
hormones such as growth hormone, melanocyte stimulating hormone, estradiol, beclomethasone dipropionate betam- 
ethasone, betamethasone acetate, betamethasone sodium phosphate, betamethasone disodium phosphate betame- 
thasone sodium phosphate, cortisone acetate, dexamethasone, dexamethasone acetate, dexamethasone sodium 
phosphate, flunisohde, hydrocortisone, hydrocortisone acetate, hydrocortisone cypionate, hydrocortisone sodium 
phosphate, hydrocortisone sodium succinate, methylprednisolone, methylprednisolone acetate, methylprednisolone 
sodium succinate, paramethasone acetate, prednisolone, prednisolone acetate, prednisolone sodium phosphate pred- 
nisolone tebutate, prednisone, triamcinolone, triamcinolone acetonide, triamcinolone diacetate, triamcinolone hexace- 
ton.de, fludrocortisone acetate, oxytocin, and vasopressin, as well as their derivatives; vitamins such as 
cyanocobalamm neionic acid; retinoids and derivatives such as retinol palmitate and a-tocopherol; peptides and 
enzymes such as manganese superoxide dismutase and alkaline phosphatase; anti-allergens such as amelexanox- 
anticoagulation agents such as phenprocoumon and heparin; tissue plasminogen activators (TPA), streptokinase and 
urokinase; circulatory drugs such as propranolol; metabolic potentiators such as glutathione; antibiotics such as p-ami- 
nosahcychc acid, .soniazid, capreomycin sulfate cycloserine, ethambutol hydrochloride ethionamide, pyrazinamide 
rifampin, streptomycin sulfate dapsone, chloramphenicol, neomycin, ceflacor, cefadroxil, cephalexin, cephadrine eryth- 
romycin, clindamycin, lincomycin, amoxicillin, ampicillin, bacampicillin, carbenicillin, dicloxicillin, cyclacillin, picloxicillin 
hetacillin, methicillin, nafcililn, oxacillin, penicillin (G and V), ticarcillin rifampin and tetracycline; antivirals such as acy- 
clov.r, DDI, Foscarnet, zidovudine, ribavirin and vidarabine monohydrate; antianginals such as diliazem, nifedipine ver- 
apamil, erythntol tetran.trate, isosorbide dinitrate, nitroglycerin (glyceryl trinitrate) and pentaerythritol tetranitrate- anti- 
inflammatories such as difluisal, ibuprofin, indomethacin, meclofenamate, mefenamic acid, naproxen, oxyphenbuta- 
zone, phenylbutazone, piroxicam, sulindac, tolmetin, aspirin, and salicylates; antiprotozoans such as chloraquine 
hydroxychloraqume, metranidazole, quinine and meglumine antimonate; antirheumatics such as penicillamine- narcot- 
ics such as paregoric; opiates such as codeine, heroin, methadone, morphine, and opium; cardiac glycosides such as 
deslanoside, digitoxin, digoxin, digitalin, and digitalis; neuromuscular blockers such as atracurium nesylate gallamine 
trie;,, iodide, liexaflo.eriium bromide, meirocurine iodide, pancurium bromide, succinylcholine chloride (suxamethonium 
chlor.de), tubocuranne chloride and vecuronium bromide; sedatives such as amorbarital, amobarbital sodium aprobar- 
bital. butabarbital sodium, choral hydrate, ethchlorvynol, ethinamate, flurazepam hydrochloride, glutethimide methotri- 
meprazme hydrochloride, methyprylon, midazolam hydrochloride, paraldehyde, pentobarbital, pentobarbital sodium 
secobarb.tal sodium, tulbutal, temazepam and trizolam; local anesthetics such as bupivacaine hydrochloride chloro- 
procaine hydrochloride, etidocaine hydrochloride, lidocaine hydrochloride, mepivacaine hydrochloride, procaine hydro- 
chloride, and tetracaine hydrochloride; general anaesthetics such as droperidol, etamine hydrochloride, methohexital 
sodium and thiopental sodium; antineoplastic agents such as methotrexate, fluorouracil, adriamycin mitomycin 
ansamitomycin, bleomycin, cystein arabinoside, arabinosyl adenine, mercaptopolylysine, vincristine, busulfan chlo- 
rambucil azidothymidine, melphalan (e.g. PAM, L-PAM or phenylalanine mustard), mercaptopurine, mitotane, procar- 
baz.ne hydrochloride dactinomycin (actinomycin D), danorubicin hydrochloride, dosorubicin hydrochloride taxol 
phcamycn (mithramycin), aminoglutethimide, estramustine phosphate sodium, flutamide, leuprolide acetate, leuprolide 
acetate megestrol acetate, tamoxifen citrate, testolactone, trilostane, amsacrine (m-AMSA), asparaginase, etoposide 
(VP-1 6), .nterferon a-2a, interferon a-2b, teniposide (VM-26), vinblastine sulfate (VLB), vincristine sulfate, hydroxyurea 
procarbaxine, and dacarbazine. ' ^ 

[0180] The useful dosage of compound to be administered or delivered, as well as the mode of administration, may 
vary depending upon, for example, the type and nature of the compound to be delivered, the age, weight, cells or patient 
(animal) to be treated, the particular diagnostic, therapeutic, or other application intended (including the disease state 
if any to be prevented and/or treated), and the organic halide (if any) and carrier (if any) employed. Typically, dosage 
may be initiated at lower levels and may be increased until the desired therapeutic effect is achieved. The desired dos- 
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age, including any therapeutically or diagnostically effective dosage amounts, will be well within the ambit of one skilled 
in the art, armed with the prevailing medical literature and with the present disclosure. Representative amounts are pro- 
vided in the examples herein. Of course, higher or lower amounts may be employed, as will be recognized by the skilled 
artisan. 

[01 81 ] A wide variety of different methods may be used to mix the organic halide, compound to be delivered, and/or 
carrier, and incorporate the compound to be delivered with or into any organic halide and/or carrier. Methods include 
shaking by hand, vortexing, mechanical shaking {e.g. with an Espe CapMix, Espe Medizin-Dental GMBH, Seefeld, Ger- 
many), extruder (e.g. with a Lipex Biomembranes Extruder Device, Vancouver, B.C., Canada), microemulsification (e g 
with a M.crofluidizer, Microfluidics Corp., Newton, MA), mixing with static in line mixers (Cole-Parmer Instrument Co 
Vernon Hills, IL), spray drying (e.g. with a Bucchi spray dryer, Brinkmann Ind., Inc., Westbury, MA), mechanical stir- 
r.ng/mix.ng (e.g. with a Silverson Mixer, Silverson Machines, Ltd., Waterside Chesham Bucks, England) and sonication 
In general it is desirable to mix the carrier (e.g. lipids such as DPEPC and DOPE) together with the organic halide prior 
to adding the compound to be delivered (e.g., DNA). After adding the compound to be delivered, an association 
between the compoud, carrier and organic halide may desirably form. If desired, additional mixing may then be per- 
formed by one of the above techniques. In other situations involving, for example, calcium precipitation, the compound 
to be delivered (e.g. DNA), organic halide, and cations may be added together with one or more stabilizing agents to 
form precipitates of DNA/carrier/organic halide in a single step process. Again, one of a variety of mixing techniques as 
described above may be employed to decrease the size of the resultant particles. 

[01 82] The carriers may be combined with the compound to be delivered and the organic halide in varying amounts 
and percentages, as will be understood by those skilled in the art once armed with the present disclosure Typically, 
smaller amounts of all components of the composition may be employed, and may be increased selectively in incre- 
ments until the desired delivery effect is achieved. Generally, when the compound to be delivered is employed with a 
carrier, the ratio of organic halide and any carrier to the compound to be delivered may range from about 61 to about 
1 :6, and all combinations and subcombinations of ranges therein. Preferably, the carrier to compound to be delivered 
ratio is about 6:1 . Other exemplary ratios are provided by the examples herein. Of course, other ratios can be suitably 
employed over a wide variety of ranges as desired, as will be recognized by the skilled artisan, and all such ratios are 
within the scope of the present invention. 

[01 83] The resulting composition may be stored as a lyophilized, or freeze dried, material for inhalation or hydration 
prior to use or as a preformed suspension. Cryopreservatives known to skilled artisans once armed with the present 
disclosure may be used in the lyophilized form of the composition. To prevent agglutination or fusion of vesicles as a 
result of lyoph.hzation, it may be useful to include additives which prevent such fusion or agglutination from occurring 
Additives which may be useful include sorbitol, mannitol, sodium chloride, glucose, trehalose, polyvinylpyrrolidone and 
polyethylene glycol) (PEG), for example, PEG polymers having a molecular weight of from about 400 to about 10 000 
with PEG polymers having molecular weights of from about 1000 to about 5000 being preferred including for example' 
PEG polymers having molecular weights of about 1000, about 3000 (such as PEG3350) and about 5000 being more 
preferred. These and other additives are described in the literature, such as in the U.S. Pharmacopeia USP XXII NF 
XVII, The United States Pharmacopeia, The National Formulary, United States Pharmacopeial Convention Inc 12601 
Twinbrook Parkway, Rockville, MD 20852, the disclosures of which are hereby incorporated herein by reference in their 
emireiy. Lyopnu.zea preparations generally nave the advantage of greater shelf life. As noted above if desired the 
lyophilized composition may be (and preferably is) rehydrated prior to use. 

[0184] The lipids used, especially in connection with vesicles, are preferably flexible. This means, in the context of 
he present invention, that the vesicles can alter their shape, for example, to pass through an opening having a diameter 
that is smaller than the diameter of the vesicle. 

[0185] Also useful in the vesicles of the present invention are a wide variety of surfactants (i.e., surface-active 
agents), including polyoxyalkylene fatty acid esters (such as polyoxyethylene fatty acid esters), polyoxyalkylene fatty 
a coho s (such as polyoxyethylene fatty alcohols), polyoxyalkylene fatty alcohol ethers (such as polyoxyethylene fatty 
S) ' polyoxya,k y |ene sorbitan fa «V (^ch as, for example, the class of compounds referred to as 

TWEEN , commercially available from ICI Americas, Inc., Wilmington, DE), including poly(oxyethylene) polypro- 
pylene) copolymers (such as Pluronics), polysorbates (such as TWEEN® 20, TWEEN® 40 and TWEEN® 80) polv 
oxyethylene alcohols (such as Brij), and plasmalogens (the term applied to a number of a group of phospholipids 
present in platelets that liberate higher fatty aldehydes, e.g. palmital, on hydrolysis and may be related to the special- 
ized function of platelets in blood coagulation and plasmalogens are also present in cell membranes of muscle and the 
myelin sheath of nerve libers). 

[0186] Cationic lipids (including those in the form ot cationic liposomes) are particularly preferred, especially as 
employed ,n an aqueous milieu. A preferred cationic lipid is DPEPC, alone or in admixture with the neutral fusogenic 
hpid d.oleoylphosphatidylethanol-amine (DOPE). Also in a preferred embodiment, the lipid or polymer and organic hal- 
ide are combmed and formulated as an organic halide-filled microsphere, such as a microsphere formed with the lipids 
d.palm.toylphosphatidylcholine (DPPC), dipalmitoylphosphatidylethanolamine coupled to polyethylene glycol 5000 
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(DPPE-PEG5000), and dipalmitoylphosphatidic acid (DPPA). DPPC:DPPE-PEG5000:DPPA may be combined in a 
ratio of about 82%:8%:10% (mole %) or 83%:8%:5%. DPPE-PEG5000 is comprised of DPPE and PEG5000 in a ratio 
of about 20%:80% (weight %). PEG5000 refers to PEG having an average molecular weight of about 5000 Generally 
speaking, the lipid and organic halide are preferably combined in a ratio of about 5:1 w/w. 

[0187] The materials from which the vesicles are constructed are preferably biocompatible lipid, protein, polymer or 
surfactant materials, and of these, the biocompatible lipids are preferred. In addition, because of the ease of formula- 
tion including the capability of preparing vesicles immediately prior to administration, these vesicles may be conven- 
iently made on site. 

[0188] The stability of vesicles may be attributable, at least in part, to the materials from which the vesicles are 
made, including, for example, the lipids, polymers, proteins and/or surfactants described above, and it is often not nec- 
essary to employ additional stabilizing materials, although it is optional and may be preferred to do so. In addition to or 
.nstead of, the lipid, protein and/or polymer compounds discussed above, the compositions described herein may com- 
prise one or more other stabilizing materials. Exemplary stabilizing materials include, for example, surfactants and bio- 
compatible polymers. The stabilizing materials may be employed to desirably assist in the formation of vesicles and/or 
to assure substantial encapsulation of the gases, gaseous precursors and/or bioactive agents. Even for relatively insol- 
uble, non-diffusible gases, such as perfluoropropane or sulfur hexafluoride, improved vesicle compositions may be 
obtained when one or more stabilizing materials are utilized in the formation of the gas and/or gaseous precursor filled 
vesicles. These compounds may help improve the stability and the integrity of the vesicles with regard to their size 
shape and/or other attributes. B| 
[0189] In certain embodiments of the present invention, the compositions may comprise vesicles which may be for- 
mulated as emulsions or particles entrapping a central droplet of a liquid perfluorocarbon, such as perfluorohexane or 
pert uorodecahn. Although an organic halide in the form of a gas may be employed, liquid perfluorocarbons and liquid 
perfluoroethers add desirable properties such as fusogenicity (e.g., ability to fuse or tendency to bind to a membrane) 
and effectiveness of the resultant therapeutic delivery vehicles. 

[0190] The organic halide gaseous precursor materials described herein generally comprise organic halide com- 
pounds which are sensitive to changes in temperature. Exemplary of suitable gaseous precursors which are sensitive 
to changes ,n temperature are the perfluorocarbons. As the artisan will appreciate, a particular perfluorocarbon may 
exist in the liquid state when the compositions of the present invention are first made, and are thus used as a gaseous 
precursor. Alternatively, the perfluorocarbon may exist in the gaseous state when the compositions are made, and are 

ohTJS r \ 38 3 93 f • Wh6ther P er,luorocarbon is used as a liquid or a gas generally depends on its liquid/gas 
Phase transition temperature, or bo.ling point. For example, a preferred perfluorocarbon, perf.uoropentane. has a liq- 
uid/gas phase transrtion temperature (boiling point) of 29.5°C. This means that perfluoropentane is generally a liquid at 

aZ h ,K C) ', bUt fe C ° nVer,ed 10 3 938 WithiP ' he hUma " b0d » the M 'emperatureof wES f 

fluolpn,? S, " 0n ,em P era,ure of Perfluoropentane. Thus, under normal circumstances, per- 

uo Sa^L n^T ° U ? reCU T i ; A f 3 ,Ur,h6r eXamP ' e ' ,h6re are ,he h ° m0l09S of Perfluoropentane, namely per- 
fluorobutane and perfluorohexane. The Hquid/gas transition of perfluorobutane is 4»C and that of perfluorohexane is 

ILlIrzn h! iTf ° an 6 USe,U ' 33 3 9aSe ° US pr6CUrS0r ' al,h0U9h more like, V as a 9 as ' wh ereas perf.uoro- 
skTin Z £ h6 aS , 3 9 k S T S Pr6CUrS0r beC3USe ° f itS re ' a,ively hi9h boilin 9 P° int - As kn °wn to one of ordinarv 
ln \ ne art * ^effective boiling point of a substance may be related to the pressure to which that substance is 
exposed. This relationship is exemplified by the ideal gas law: PV = nRT , where P is pressure, V is volume ntmoles 

e«Lt^ nC r 18 f - 938 C ° nS,ant ' ^ T iS ,empera,Ure - The ideal 9as law indicates thal a * assure increase" the 
effec ve boiling point increases also. Conversely, as pressure decreases, the effective boiling point decreases. 

1 ./J T J he or9anlc halldes are Preferably incorporated in the vesicles irrespective of the physical nature of the com- 
mu LTh , ', h TOnte h mpla,ed ,hat the °' 9a " ic haHdes may be incorporated, for example in vesicles ^TarlZ 
mutated I from l,p,ds, such as micelles and liposomes. Incorporation of the organic halides in the vesicles may be 
achieved by using any of a number of methods. For example, in the case of vesicles based on lipids, the formafon of 
ha de GS Can , aC H ,eV T ed . by Shakin9 ° r ° theWiSe a9i,a,in9 an a9ueous mixture which prises an o ganfe 

enSpsuSS ° f m ° re ' Pr0m ° ,eS ,0rma,i ° n °' StabiliZed Vesides wi,hin which ,he or9anic halid e is 

[0192] In addition, a gaseous organic halide may be bubbled directly into an aqueous mixture of vesicle-formino 
rSXn; ^SfSi gas instillation method can be used as disclosed, f'or example, in STSLSTS 
IfSi^S" . d :sclosures of each of which are hereby incorporated herein by reference in their entirety. 

f^t^i T ,nCOrpo , ra, ' n9 ,he or9anlc ha,ide cationic lipid compositions are disclosed also in U.S. Patent No 
4,865,836, the disclosures of which are hereby incorporated herein by reference in their entirety Other methods would 

ve e sX a T ,o t skii, f ed in the art based ° n ,he presem disc, ° sure - « he wSTi^rsss 

vesicles alter or during formation thereof. «k>uiibu m 

[0193] In preferred embodiments, the organic halides may be incorporated in vesicle compositions with micelles 
and Uposomes bemg preferred. Vesicles in which an organic halide is encapsulated are advantageous in St they pro 
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vide improved reflectivity in vivo. 

Kin oSS^s^tt 8 isssi 'ztrr* optionai s,abi,izin9 «w* * p-«* *. 

stable organic ha.ide gts a* wet STS^t^^^? 1 ? C ° mpriS6 3 

abiHty in aqueous meL Exemp ar J high y staSe' 1^ tlude 25^,^ ™" ^ *** 

ible and relatively insoluble in aqueous ^^^1^^^^ ^ ^ m ^ 
vesicles. Q ed ' 3 Aooon * n *» their ^ ™V Promote the formation of highly stable 

Srecu^^ M TT ^ 10 ,h6ir Preparati0 "- fo ™«°" and «• gas- 

• energj (such a Si^^£^* ' ^ ° f ^ hto 3 938 by ,empera,ure ' "Q* «- 
sure. For example a vial storec unSS^ n « * ' n, ° 935 by St0rin9 ,he P recursors a ' pres- 

anega,use,u, P »o; C real?att^ 

temperature. injection. Preferably, the gaseous precursors may be activated by 

Kngga^ 

icles by virtue of its solubility in the surround Z*n,f °m T 1 ^ °* ,he 938 ,0 ditfuse out of the v <*- 

a gradient with the gas in the vestele ^S^taZ^ST' . ,he 3qUe0US medium im P° ses 

ubility in the aqueous milieu may on Te ^other hLd d Z'T 3 T**? I? di,,USe 0Ut °' ,he V6SiC,e - A lesser so1 " 
interface such that diffusion of the gas out tffh J i. e ^ 7?* 9r3di6nt be,Ween ,he Vesic,e and th * 
has a so.ubi.ity less than tha, of ox'ygen ,hLl Zu 1 oa", Q aT in t *" 933 ■» 

Boo*, 1966, Matheson Company Inc More o eferS 1 T 9 . „ 32 ^ W3,er See Maf " eso " Gas D ^ 
less than .hat of air; and eJZe P rlZwt^l'^ ? h ^ VeS1C ' e P0SS6SSeS 3 solubili, y in 

that of nitrogen. P ^ ^ 938 entr3pped m the vesic,e P«sesses a solubility in water less than 

stab.e vesicles which coZT S lsZZ ZoZTJZ 7 ° ^ 3 933 ** h iS highly insoluble - For e * a ™P<e. 
higher so.ubi.ities, for example air oSgen m3ten3lS m3y be '° rmulated wi,h 9 ases having 

iheiior 5 P ;: f :S.r b ° dimentS ° f ^ inVemi ° n ^ ° r93niC h3,ide is -* *. -re o. . vesicle or in 

^o^zs^sz: li^z^r'rT varies dependin9 upon ,he in,ended 

to the cel. culture media or applyingTdi ect.y to he S i /S2JT^ If * ** eX3mple ' 3ddin9 « 
media include high activity in serum containfna m^ a Inn ? 8 ' nVen,,0n ,or trans,e c«ion in cell culture 

transfection than in other n^^ZSS^T^ Z*£» ^ "*« 

expression in cells in which transfection w« nrn^fc h , P ' ' nventlon makes i( P° ssible to obtain gene 

composition may simply e ESSE ° SnouTT " 7T" " ™° 'he 

ouslyjntramuscularly iLanaSylntraScS 

cally, orally, topica.ly'or ^JCrZ^ ^ Vi3 M ^ ^ ba n- 

itate gene expression. For inhalation the 2^-5^^^^^ ^ Wto ^ Wtoto ^ 
routes may be utilized to administer these composZ T«n«^ ° f V ' 3 3 " inh3 ' er A ' S °' ° ral 0r rectal 

of penetration enhancing agents with or ^X Zl^T ^^ ™ y accom P»fehed by the use 

10 to 100 Khz, or iontophoresis. Z n^Zueat^X^ ^ '° W ,reqUenCy S0Und in ran 9 e of 
administer the composition. ( * ,n,ratumoral ) and subcutaneous injection may be performed to 

Slnsf^ •"WJ- °r e-ectroporation, or in combination with 

simultaneously with the genegunT^ec^^^ 

in inducing the uptake of the compound ZeS' WheToScli eqU6nCy 3 " d ^ ,6Vel 8Uf,icient ,0 assisl 
sound may be applied at a frequency arx eneS ^ level sufflcfen o 1 'tT" 3 PreCUrS ° rS 3re emp,0yed ' ,he u,,ra " 
gas. For example, the methods of the prienUnvenfen ™ ^1 T * hMe 93Seous P recursor «° a 

compound of interest to be delivered) to a C l| and ZZ1 ^ *? m ™*e™9 a nucleotide sequence (or other 
uptake o, the nucleotide sequence (o Sher clp^unTZ rn^T?, t Ce " *" 3 ,ime e,feC,ive ,0 induce the 
expression of the nucleotide sequence i ?h S of 1^.1^ 3U " ,n K enhanced da »very of the compound (and 

" 3t 3 ^ J - d ~°I ES^eTm^^^ 
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nucleotide sequence. Suitable frequencies, energy levels and duty cycles are disclosed herein, and other ranoes will 
be readily apparent to one skilled in the art once armed with the present disclosure. 

Targeting Ligands 

S uBt»t nHh^ ****** t t r9e,inQ li9and iS Preferably incor Porated into the compositions to facilitate targeting 
and/or uptake of the compound to be delivered by selected target cells. Exemplary targeting ligands include for exam 

%££Z£^F^ an,ib ° dy ,ra9memS ' ^ rateins - carbohydrates' hoL'nes, hormone anatogs, 
and genSc SSl. ^ ^ Vi,aminS ' Me a ^ 

l Z!Tl svnSrf y ,t Pe t n ?' PePWdeS WhiCh PartiCU ' arly US6ful 38 ,ar9e,in 9 Y '^ nds include ^tural, modified nat- 
2. h P P '"corporate additional modes of resistance to degradation by vascularly circulating este- 

ZLSST* 7 TST Whi ' e ,ar9e,in9 ' i9andS «** be derived from nil sources ^^rS may be 
o™ h ' mO t Ular H b ;° l09ICal recom "inant techniques and others may be synthetic in origin. Peptides may be 
method J ftlTT < d ' fferent COmbinatorial chemistr V techniques as are now known in the art. One very u JeS 
method of stab.hzat.on of pephde moieties incorporates the use of cyclization techniques. For example end to^nd 

!S2££Z£ , Cafb0Xy , terminUS IS C0Va ' ently ' inked ,0 the ™ '« via - amide bond ma^be use u 
to .nhibrt peptide degradaton and increase circulating half life. Side chain-to-side chain cyclization may also be part e 

tS^SS^SlT^^ ad n ,i0n ' " end - to " sidechain ^'-tion maybe a usefu. modfficSofas we! Z 
substitution of an L-am,no add for a D-amino acid in a strategic region of the peptide may also provide resistance to 

522? » 9ra able ,arge,ing ligands ' and me,hods ,or ,heir p re p ara " on ' wi " be «SH!SJ^ 

stalled ,n the art, once armed with the teachings of the present disclosure. Although the lengths of the Ses Ized 
as «arget,ng hgands may vary, peptides having from about 5 to about 15 amino acid residues ar gene^fe ed 
0205] Ant,bod,es may be used as whole antibody or antibody fragments, for example, Fab or Fab'2 eimTo nat- 
(mo,Lh ° r,gin - 3ntib0dieS ° f " atUral °" 9in ma * be of ™' ° r human origin, or may be chtme^c 

T re T binan ' ° f ChimefiC an,ib ° dieS are preferred and fra 9™ents are preferred towhoram 
body. Antibodies may be used as whole antibody or antibody fragments, for example, Fab or Fab'2 either of na oral or 

Z^Z^' antib K di6S ° f natUra ' ° fi9in may be ° f animal or h — origin, or n te « 
(mouse/human). Human recombinant or chimeric antibodies are preferred and fragments are preferred lie IS 

L°e 2 n°«L asleTnoevTnln T"" * immuno 9'obulins typically comprise a flexible region which is 

To o ™ 2 ^ 

fr a n°n' 0 n P ' \ , , } d,sclosures of wh 'ch are hereby incorporated herein by reference, in their entiretv Fab' 

led tesS iXS£SST m SUCh £ eXamP ' e ' ,iPidS ' P ° iymerS ' Pr0teinS and/ ° r -ides usin The wet 
oet.ned sites of the thiols of the b.nge region. This ,s a preferred region for coupling Fab' fragments as the potential bind 

noTnr 7*5 ** **■ Generally speaking,' may be diffLlU 2 e »h h o s of he 

2?S £2S n y 57 a T67 d ,h qU H a,e,y Prepare , d ' ? described in Shahinian and Salvias ' X££ 

may be de£ble m J?1 dBCloaurea « whlCn are hereb * incorporated herein by reference in their entirL i. 

'f a, ° redUCe ,he ,b ' 01 9 r0UDS 50 '"at they are available for coupling, for example, to maleimide derivatized 
f h Xamp,6S °* reducin 9 a g en ts which may be used include ethanedithiol mercaptoe.hano. metap 
b S a Z t° T f ! COmm ° nly US6d ditniothreitol ' co "imonly referred to as C.eland's reagent However as wouto 
be apparent to one of ordinary skill in the art, once armed with the teachings of the present applicaitorn ZZZ 
exercised when ut.lizing certain reducing agents, such as dithio.hrei.ol, since overr^X^ Disc imina.ino 
use of reducing agents may be necessary in connection with proteins whose activity or bi^ZcapldtV Z^m 
E^. t0 ° VerredUCti0n and SUb « de — " conformational Ln^ZSl'Z 
[0207] F(ab') 2 antibody fragments may be prepared by incubating the antibodies with pepsin (60 uo/mh in n 1 m 

o°80 mMT £ h t 2 ! 4 ' a ' 37 ° C - Di9eSti0n may bS ,ermina,ed by addi "9 2 M TnVS l s) c finalln lei on 
of 80 mM. The F(ab') 2 fragments may then be obtained by centrifugation (10 000 x a 30 min 4°n Th. t T , 
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and there is a possibility of oxidation of cysteine residues within the peptide structure, it may be necessary to regener- 
ate the thiol group using the approach outlined above. 

[0208] In one embodiment of the invention, the targeting ligands may be directed toward lymphocytes which mav 
be T-cells or B-cells, with T-cells being the preferred target. To select a class of targeted lymphocytes, a targeting ligand 
having specfic affinity for that class may be preferably employed. For example, an anti CD-A antibody may be used for 
se ect.ng the class of T-cells harboring CD-4 receptors, an anti CD-8 antibody may be used for selecting the class of T- 
cells harbonng CD-8 receptors, an anti CD-34 antibody may be used for selecting the class of T-cells harboring CD-34 
receptors, and so on. A lower molecular weight ligand may preferably be employed, e.g., Fab or a peptide fragment. For 
example, an OKT3 antibody or OKT3 antibody fragment may be used. 

[0209] Another major area for targeted delivery preferably involves the interlekin-2 (IL-2) system IL-2 is a T-cell 
growth factor generally produced following antigen or mitogen induced stimulation of lymphoid cells Cell types which 
typica ly produce IL-2 include, for example, CD4* and CD8+ T-cells and large granular lymphocytes, as well as certain 
T-cell umors. Generally speaking, IL-2 receptors are glycoproteins which are expressed on responsive cells They are 

siontwhenToS toV-? *" PreSem inVen,i ° n be ° aUSe endocytosed in, ° lysosomal ™^ 

[0210] In addition to IL-2 receptors, preferred targets include the anti-IL-2 receptor antibody, natural IL-2 and an IL- 
2 fragment of a 20-mer peptide or smaller generated by phage display which binds to the IL-2 receptor In use for exam- 
ple IL-2 may be conjugated to stablizing materials, for example, in the form of vesicles, and thus may mediate the tar- 
ge .ng of cells bearing IL-2 receptors. Endocytosis of the ligand-receptor complex may then deliver the compound to be 
dehvered to the targeted cell. Additional an IL-2 peptide fragment which has binding affinity for IL-2 receptors may be 

inTh! V ° f T mP '!' bV a,taChmem direC " y t0 3 reaCUve m ° ie,y ° n 3 S,abili2in9 ma,erial such as a W inducing 
h , T ' S ' e V ' a 3 SPaC6r ° r Hnker m ° leCUle Wi,h 3 reac,ive end such as an amine > hydmxyl. or car 
S , n 9 ? UP - SUCh ' inkerS are We " kn ° Wn in the art and may com P rise ,rom 3 to 2° amino acid residues 

Li-f, C nf T° ° r derivati2ed amino acids ma V be use ° which avoids proteolysis in the target tissue 
S»\L * , °"; erSyStemS which my be used in the P resent invention include IgM-mediated endocytosis in B-cells 
or a variant of the ligand-receptor interactions described above wherein the T-cell receptor is CD2 and the ligand is Ivm- 

J™Tr, anli9e " f <LFA " 3) ' 33 deSCribed ' '° r example ' in Wallner et * J - Omenta, Med., 
! a I h dlSclosures of whlcn are hereb V incorporated by reference herein in their entirety Tarqetinq fa. 
ends enved or modified from human leukocyte origin, such as CD1 1 a/CD18, and leukocyte cell surface flCS. 
(LFA-1). may also be used as these may bind to the endothelial cell receptor ICAM-1. The cytokine inducible member 

inaT Q r VLA £ i ■ VCAM ' 1 ' WWCh iS m0n ° nUC,ear la ^ocyte-se,ec,ive, maya.so be used as a TaTget 

mg ligand. VLA-4, denved from human monocytes, may be used to target VCAM-1 

[0212] Preferred targeting ligands in accordance with the present invention include, for example Sialyl Lewis X 
muc,n, hyaluronic acid, LFA- 1, methyl-a-D-mannopyrano-side. N-formal peptide, C5a, leuko.riene B4 Set Z Lt 

Z , C,0 HHr 8/N T" 1 ' CTAP -" 1 ' P- ,hramb °9 lobulin . "W-Z- 9'O/MGSA. ENA-78 MCP-1, MAF^Ia.P RANTES and I- 
309. In addition the integrms allbp3, av P 3, a4p1, pi and 02 may be used as targeting ligands fo targeting VLA 4 
bnnogen, von Willebrand factor, fibronectin, vitronectin, VCAM-1 and CD49d/CD29. A particularly prefeSLrgetinq 
ligand may be Sialyl Lewis X which binds to P-se,ec.in and which has the following sequence a Sill a id 

STdP 7T^ U ?"h ,PGIC " NAC "° R - P - Se ' eC,in may be 3 Preferred W because « «yi-y localizes on the 
WsmJ on"! ! ln " amma,i0n ' bU< 9enera,,y n0t " non -i"" a ~y synovia where it is general^ 

!^ 13 in, H° th h er Pre, r red ,ar9etin9 ' igandS inC ' Ude ' for examp,e ' antibodies direc,ed to autoantigens on T-cell recep- 
n mo u h , ,? 9 ^ SeQUenCeS LeU UU " e Tyr Phe Asn Asn Asn Val Pro » e A *P Asp Ser Gly Met So 

n^hnH ] ™1 f 6 Pr ° G ' U Pr ° Ar9 ASP Ser Ala Val Tyr Phe Cys Ala < SEQ 'D NO:2) can be used to pnSuce 

antibodies which amy bind to the autoantigen portions of T-cell receptors. In addition, antibodies to addition. Tceiand 

arThr S d^H 6 Tr't L ar9e,in9 H9andS - ^ and B - Ce " reCep,0rS inwlved in inf,a ™ a «°" a "" « 2 
fa 5? 89 -JS? n . Ce, ' Re <W a Rheumatoid Arthritis," Struyk, et a,., Arthritis & Rheumatism, 1995 
3S.577-89 Naturally Occurring Human Autoantibodies To Defined T-Cell Receptor And Light Chain Peptides ■ Mar 
halonis, et a, Immunobiol. Proteins Peptides, 1994, Plenum Press, New York p. 135-45? "Lack Of Pre erentiaTvB 
Usage „ Synovial T Cells Of Rheumatoid Arthritis Pateints," Dedeoglu, eta,., immune,. Res , 1993, 12 1 2 20 "HuZ 

ZT- l^chatonit 22"? P T V ! T R6CeP,0r P " Chain Re9U ' a,0ry ' di0,ype: E * pressi °" AutofmmunityAnd 
0 (Lp i «n * • T ,mmun °9 enet > 1993 - ?0:1 "15; "Peptide Epitope Binding Specificity And V K And 
V H Gene Usage In A Monoclonal IgM Natural Autoantibody To T Cell Receptor CDR1 From A Viable Mothea.en 
Mouse." Dehghanp B heh, eJ a/.,/mm 0 nofo^ a //n^.. 1996, 25:241^ -/^utation Of TCRVrXed!?^ 
Autoimmune Disease." Sch.uter, e /a/.. tmmunobioi. Proteins Peptides Ml, 1995 Plenum Press New Xk 0 23136 
C arac,er,za«,on O, Autoantibodies Directed Against T Cell Receptors." Lake, et a,., In^nSSXSL^^ 
VIII, 1995, Plenum Press, New York, p.223-29; "Construction And Serological Characterization Of A RecombS 
Human Single Chain T Cell Receptor," Lake, eta,., Biocnem. Biopnys. Res. Comm., 1994, 201 V. 502- 1509-"? Ce 
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Receptor Usage In Rheumatoid Arthritis," Lanchbury, etal., British Med. Bull., 1995, 57:346-58- "Synthetic Autoanti- 
gens Of Immunoglobulins And T-Cell Receptors: Their Recognition In Aging, Infection, And Autoimmunity," Marchalo- 
nis, ef al Autoant,bod,es Immunoglobulins T Cell Receptors., 1994, 1 29-47; "Natural Human Antibodies To Synthetic 
Pept.de Autoantigens: Correlations With Age And Autoimmune Disease," Marchalonis, ef al., Gerentology 1993 
39:65-79; Human Autoantibodies Reactive With Synthetic Autoantigens From T-Cell Receptor B Chain ■ Marchalonis' 
et al Proc.Natl. Acad. Sci. USA., 1992, 89:3325-29; "T-Cell Antigen Receptors In Rheumatoid Arthritis," Sakkas et 
al Immunol. Res., 1994, 73:11 7-38; and "B And T Cell Antigen Repertoires in Lupus/Arthritis Murine Models " Theo- 
filpooulos, ef al., Springer Semin Immunopathol., 1989, 7 7:335-68, Cronstein, ef al., Curr. Opin. Rheum., 1994 6 300- 
304, Szekanecz, etal., J. Invest. Med, 1996, 44, 124-135, Liao, etal., Rheum. Arth., 1995, 21, 715-740 Veale etal 
22? t oo'n V™?' 9 ' 8? ' 92, Cr0ns,ein ' e,a/ - Curr - °P' m - ""eom., 1994, 6, 300-304, Haskard, Curr Opin. Rheum' 

llll' « i^;£ r0 A TJ n ' 6t Curr ° pin - Rh6Um - 1994 ' 6 ' 30 °- 304 ' Rem * etal - Proc - ^tl. Acad. Sci. USA, 
III,' ~ 1744 " 1748 ' Ashk enas, etal., Dev. Biol., 1996, 180, 433-444, Springer, Cell, 1994, 76, 301-314, Hynes Cell 
1992, 69 11 -25, and Schwartz, ef al., Annu. Rev. Cell Dev. Biol., 1995, 7 7 , 549-599, the disclosures of each of which 
are hereby incorporated herein by reference in their entirety. 

[0214] Additional targeting ligands which may be employed in the compositions and methods of the present inven- 
tion are described in "Targeting Gene Transfer To Human Hematopoietic Progenitor Cell Lines Through The c-kit 

Annv \S Chwar2 T^ 9 n' 0toOd " 1 " 6 ' 8?A12 ^ "Methyl-a-D-Mannopyranoside, Monooligosaccharides 
And Yeast Mannans Inhibit Development Of Rat Adjuvant Arthritis," Prokopova, ef al., J. Rheumatol., 1993 20673-7- 

1„ rTm, , 0 -, 5 'ff H ' 26 . 3, ' The r Pla . te,t G| y c °P ro,ein "b/Hla-Like Protein In Human Endothelial Cells Promotes Adhe- 
sion But Not Initial Attachment To Extracellular Matrix," Chen, et al., J. Cell. Biol., 1987, 705:1885-92- and "Primary 
Structure Of Lymphocyte Function-Associated Antigen 3 (LFA-3)," Wallner, etal., J. Exp. Med., 1987 766 923-32 thl 
disclosures of each of which are hereby incorporated herein by reference in their entirety. ' 
[0215] Still additional targeting ligands which may be employed in the compositions and methods of the present 

™Z Z a 'M , , 7- P f iCa,i ° n W ° 96/3?194, thS diSC '° SUreS °' which are hereb V incorporated herein by 
off m . V !l" d ' nClUde fetUin and asia,0,etuin . Examine, spermine and spermidine, N-glutaryl DOPE 
IgA, IgM.IgG and IgD, MHC and HLA markers, and CD1, CD4, CD8-11, CD1 5, Cdw17 CD18 CD2 -25 CD27 CD30 

C^LAM^ ^ ^ ™* ™71 , CD73-74, Cdw^ 

[021 6] As would be apparent to one of ordinary skill in the art, once armed with the teachings of the present disclo- 

Z e nZ^T ndS ,0 , be deli T d ' inC ' UdinQ the com P° unds exemplified herein, may also serve as targeting ligands in 

ne tametl ° n3, "if! °' ° f 0ther ,arge,ing N9andS - SimNarl * ta '^ '^ds, including 

the targeting ligands exempl,f,ed herein, may also serve as compounds to be delivered in the presence or absence of 
other compounds to be delivered. Thus, for example, telomerase, which is an exemplary compound to be delivered 
may aiso be included in the present compositions as a targeting ligand »■ ww. 

m 2 ,l!L ^'f arnbodimen,s of ,he P resent ^mion. targeting ligands may be associated with stabilizing 

mate nals including stabhzmg materials in the form of vesicles, covalently or non-covalently. Thus, in preferred form the 
targeting ligand I may be bound, for example, via a covalent or non-covalent bond, to at least one of the lipids proteins 
polymers or surfactants which may be incorporated in the vesicles. Preferablv. the taroetino linanrf is hnunn'.n nn P oi 
Zn^vnl ^ 9 h m f ria !f C T' ently - ,he CaSe °' ' ipid com P° sitions which comprise cholesterol, the targeting 
Sunrf ? V d t0 Ch0 ' eS,er0 ' substantial| V on| y non-covalently, and/or the targeting gand may be 

cWesterof * com P° silion ' for e * am P'*. another lipid, such as a phospholipid oLr than the 

[0218] It is contemplated that the covalent (or non-covalent) binding between the targeting ligand and one or more 

« Ten oiTlt ?, hP H id t; ! SPeCia " y HpidS " ,h6 ,0rm °' V6SiCleS ' ma ^ desirab " enbance th e ^livery to the 
target cell of the compound to be delivered. While the inventors do not wish to be bound by any theory or theories of 

Ed "IT T ?H this imp r ed delivery of ,he compound ,o be deiivered ™y «o! Z^TEZ 

initiated capping and patching mechanism, the intervention of clathrin-coated pits or through classical endocytosis 
depending on the mechanisms for engulfmen. peculiar to the target cell, or by other natural or induced means SeTe 
mechanisms may assist the compound to be delivered to gain access to the interior of the target cell once the compo 
sition, for example, vesicle, containing the compound, reaches and/or links to the target cell 

ES 91 , H Exe 7!f ry cova,ent bonds lhrou 9n which the targeting ligands may be covalently linked to stabilizing mate- 
her rS" 9 n P,dS n Pr0, ! in o S ' P ° lymerS ' " nd S » Ms M ' ,or exam P'* ^ ("CONH-); thioamide < CSNH )• 
COS O " maV ^ S3me ° r di " eren * and are °' her than WW)' esti (-COO-); thioes.er I 

NH NR ' wh';;f R TT,T 9rea ' er , tha ?J ' Preferab| y abou < 2 ,0 abou * 8, and more preferably about 2; carbamates- 
-NH-, -NR- where R ,s alkyl, for example, alkyl of from 1 to about 4 carbons; urethane; substituted imidate and combi 
nations of two or more of these. Covalent bonds between targeting ligands and stabilizing materials Z exampleTpkfs 

"a.7e» e ^rf ^ 1 m0, t eCU,eS tha * ^ 38 SP3CerS 10 inCreaSe ,he conformational SKS 
ical flexibihty of the ligand. Examples of such spacers include, for example, succinic acid, 1 ,6-hexanedioic acid 18- 
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octanedioic acid, and the like, as well as modified amino acids, such as, for example, 6-aminohexanoic acid, 4-aminob- 
utanoic acid, and the like. In addition, in the case of targeting ligands which comprise peptide moieties, sidechain-to- 
sidechain crosslinking may be complemented with sidechain-to-end crosslinking and/or end-to-end crosslinking. Also, 
small spacer molecules, such as dimethylsuberimidate, may be used to accomplish similar objectives. The use of 

5 agents, including those used in Schiff's base-type reactions, such as gluteraldehyde, may also be employed. The 
Schiff's base linkages, which may be reversible linkages, can be rendered more permanent covalent linkages via the 
use of reductive amination procedures. This may involve, for example, chemical reducing agents, such as lithium alu- 
minum hydride reducing agents or their milder analogs, including lithium aluminum diisobutyl hydride (DIBAL), sodium 
borohydride (NaBH 4 ) or sodium cyanoborohydride (NaBH 3 CN). 

w [0220] The covalent linking of the targeting ligands to the stabilizing materials in the present compositions, includ- 
ing the lipids, proteins, polymers and/or surfactants, may be accomplished using synthetic organic techniques which 
would be readily apparent to one of ordinary skill in the art in view of the present disclosure. For example, the targeting 
ligands may be linked to the materials, including the lipids, via the use of well known coupling or activation agents. As 
known to the skilled artisan, activating agents are generally electrophilic, which can be employed to elicit the formation 

15 of a covalent bond. Exemplary activating agents which may be used include, for example, carbonyldiimidazole (CDI), 
dicyclohexylcarbodiimide (DCC), diisopropylcarbodiimide (DIC), methyl sulfonyl chloride, Castro's Reagent, and diphe- 
nyl phosphoryl chloride. 

[0221] The covalent bonds may involve crosslinking and/or polymerization. Crosslinking preferably refers to the 
attachment of two chains of polymer molecules by bridges, composed of either an element, a group, or a compound, 

20 which join certain carbon atoms of the chains by covalent chemical bonds. For example, crosslinking may occur in 
polypeptides which are joined by the disulfide bonds of the cysteine residue. Crosslinking may be achieved, for exam- 
ple, by (1) adding a chemical substance (crosslinking agent) and exposing the mixture to heat, or (2) subjecting a pol- 
ymer to high energy radiation. A variety of crosslinking agents, or "tethers"; of different lengths and/or functionalities are 
described, for example, in R.L. Lunbland, Techniques in Protein Modification, CRC Press, Inc., Ann Arbor, Ml, pp. 249- 

25 68 (1 995), the disclosures of which are hereby incorporated herein by reference in their entirety. Exemplary crosslinkers 
include, for example, 3,3'-dithiobis(succinimidylpropionate), dimethyl suberimidate, and its variations thereof, based on 
hydrocarbon length, and bis-N-maleimido-1 ,8-octane. 

[0222] In accordance with preferred embodiments, the targeting ligands may be linked or attached to the lipids, pro- 
teins, polymers, or surfactants or other stabilizing materials via a linking group. Preferably the targeting ligand may be 

30 attached to a linker which is attached to the surface of a vesicle which includes the stabilizing material. A variety of link- 
ing groups are available and would be apparent to one skilled in the art in view of the present disclosure. Preferably, the 
linking group comprises a hydrophilic polymer. Suitable hydrophilic linker polymers include, for example, polyalkylene- 
oxides such as, for example, polyethylene glycol (PEG) and polypropylene glycol (PPG), polyvinylpyrrolidones, polyvi- 
nylmethylethers, polyacrylamides, such as, for example, polymethacrylamides, polydimethylacrylamides and 

35 polyhydroxypropylmethacrylamides, polyhydroxyethyl acrylates, polyhydroxypropyl methacrylates, polymethyloxazo- 
lines, polyethyloxazolines, polyhydroxyethyloxazolines, polyhyhydroxypropyloxazolines, polyvinyl alcohols, polyphosp- 
hazenes, poly(hydroxyalkylcarboxylic acids), polyoxazolidines, polyaspartamide, and polymers of sialic acid 
(polysialics). The hydrophilic polymers are preferably selected from the group consisting of PEG, PPG, polyvinylalcohol 
and polyvinylpyrrolidone and copolymers thereof, with PEG and PPG polymers being more preferred and PEG poly- 

40 mers being even more prefered. Preferred among the PEG polymers are, for example, bifunctional PEG having a 
molecular weight of about 1,000 Da to about 10,000 Da, preferably about 5,000 Da. Preferably, the polymer is bifunc- 
tional with the targeting ligand bound to a terminus of the polymer. Generally, the targeting ligand may be incorporated 
into the vesicle at concentrations of from about 0.1 mole % to about 25 mole %, preferably from about 1 mole % to about 
1 0 mole %. In the case of gas-filled lipid vesicles, the targeting ligand is preferably incoporated in an amount from about 

45 0.5 mole % to about 10 mole %, with from about 1 to about 10 mole % being more preferred. Of course, the particular 
ratio employed may depend, for example, upon the particular targeting ligand, gas, and lipid employed. 
[0223] In embodiments involving lipid compositions which comprise lipids bearing polymers including, for example, 
DPPE-PEG, the targeting ligand may be linked directly to the polymer which is attached to the lipid to provide, for exam- 
ple, a conjugate of DPPE-PEG-TL, where TL is a targeting ligand. Thus, using the example DPPE-PEG, such as, for 

so example, DPPE-PEG5000, the aforementioned conjugate may be represented as DPPE-PEG5000-TL. The hydrophilic 
polymer used as a linking group is preferably a bifunctional polymer, for example, bifunctional PEG, such as diamino- 
PEG. In this case, one end of the PEG group is linked, for example, to a lipid compound, and is bound at the free end 
to the targeting ligand via an amide linkage. A hydrophilic polymer, for example, PEG, substituted with a terminal car- 
boxylate group on one end and a terminal amino group on the other end, may also be used. These latter bifunctional 

55 hydrophilic polymer may be preferred since they possess various similarities to amino acids. 

[0224] Standard peptide methodology may be used to link the targeting ligand to the stabilizing materials, including 
lipids, when utilizing linker groups having two unique terminal functional groups. Bifunctional hydrophilic polymers, and 
especially bifunctional PEGs, may be synthesized using standard organic synthetic methodologies. In addition, many 
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of these materials are available commercially, such as, for example, a-amino-w-carboxy-PEG which is commercially 
available from Shearwater Polymers (Huntsville, AL). An advantage of using a PEG material as the linking group is that 
the size of the PEG may be varied such that the number of monomeric subunits of ethylene glycol may be as few as, 
for example, about 5, or as many as, for example, about 500 or even greater. Accordingly, the "tether" or length of the 
linkage may be varied, as desired. This may be important depending, for example, on the particular targeting ligand 
employed. For example, a targeting ligand which comprises a large protein molecule may require a short tether, and 
therdby simulate a membrane bound protein. A short tether may also allow for a vesicle to maintain a close proximity to 
the cell. This may be used advantageously in connection with vesicles which also comprise a bioactive agent in that the 
concentration of bioactive agent which may be delivered to the cell may be advantageously increased. Another suitable 
linking group which may provide a short tether is glyceraldehyde. Glyceraldehyde may be bound, for example, to DPPE 
via a Schiff's base reaction. Subsequent Amadori rearrangement can provide a substantially short linking group. The P 
carbonyl of the Schiff's base may then react with a lysine or arginine of the targeting protein or peptide to form the tar- 
geted lipid. 

[0225] In certain embodiments, the targeting ligands may be incorporated in the present stabilizing materials via 
non-covalent associations. As known to those skilled in the art, non-covalent association is generally a function of a 
variety of factors, including, for example, the polarity of the involved molecules, the charge (positive or negative), if any, 
of the involved molecules, the extent of hydrogen bonding through the molecular network, and the like. Non-covalent 
bonds are preferably selected from the group consisting of ionic interaction, dipole-dipole interaction, hydrogen bonds, 
hydrophilic interactions, van der Waal's forces, and any combinations thereof Non-covalent interactions may be 
employed to bind the targeting ligand to a stabilizing material, such as a lipid and, in the case of vesicles, directly to the 
surface of the vesicle. For example, the amino acid sequence Gly-Gly-His may be bound to the surface of a vesicle, 
preferably by a linker, such as PEG, and copper, iron or vanadyl ion may then be added. Proteins, such as antibodies 
which contain histidine residues, may then bind to the vesicle via an ionic bridge with the copper ion, as described in 
U.S. Patent No. 5,466,467, the disclosures of which are hereby incorporated herein by reference in their entirety. An 
example of hydrogen bonding involves cardiolipin lipids which may be incorporated into the lipid compositions. Addi- 
tional techniques which may be adapted for incorporating the targeting ligand into the present compositions are dis- 
closed, for example, in U.S. Application Serial No. 09/218,660, filed December 28, 1998, the disclosures of which are 
hereby incorporated herein by reference in their entirety. 

[0226] In preferred embodiments of the present invention, which may involve vesicles, changes, for example, in pH 
and/or temperature in vivo or in vitro, may be employed to promote a change in location in the targeting ligands, for 
example, from a location within the vesicle, to a location external to the outer wall of the vesicle. This may promote bind- 
ing of the targeting ligands to targeting sites, for example, receptors, such as lymphocytes, and tissues, including 
endothelial and epithelial cells, since the targeting ligand has a greater likelihood of exposure to such targeting sites. In 
addition, high energy ultrasound can be used to promote rupturing of the vesicles. This can also expose the targeting 
ligand to the desired binding site. 

[0227] Targeting ligands may be incorporated into the compositions of the present invention, for example, in the 
form of compounds of the formula: 

L-P-T 

wherein: 

L is a lipid, protein, polymer, carbohydrate, surfactant or the like; 
P is a hydrophilic polymer; and 
T is a targeting ligand. 

[0228] In a preferred embodiment, L is a lipid selected from the group consisting of lecithins, phosphatidylcholines, 
phosphatidylserines, phosphatidylinositols, cardiolipins, cholesterols, cholesterolamines, lysophosphatides, eryth- 
rosphingosines, sphingomyelins, ceramides, cerebrosides, saturated phospholipids, unsaturated phospholipids, and 
krill phospholipids. More preferably, L is a lipid is selected from the group consisting of lecithins, phosphatidylcholines, 
phosphatidylserines and phosphatidylinositols. In other preferred embodiments, L is a lipid selected from the group con- 
sisting of 1,2-diacyl-sn-glycero-3-phosphocholines, 1,2-diacyl-sn-glycero-3-phosphoethanolamines, 1 ,2-diacyl-sn-glyc- 
ero-3-[phospho-rac-( 1 -glycerols)), 1 ,2-diacyl-sn-glycero-3-phosphates, 1,2-diacyl-sn-glycero-3-[phosphoserinesj, 
lysophosphatidyl-cholines, lysophosphatidylglycerols, 1 ,2-diacyl-sn-glycerols, 1 ,2-diacyl-ethylene glycols, N-(n- 
caproylamine)- 1 ,2-diacyl-sn-glycero-3-phosphoethanolamines, N-dodecanylamine- 1 ,2-diacyl-sn-glycero-3-phos- 
phoethanol-amines, N-succinyl- 1 ,2-diacyl-sn-glycero-3-phosphoethanolamines, N-glutaryl- 1 ,2-diacyl-sn-glycero-3- 
phosphoethanolamines and N-dodecanyl- 1 ,2-diacyl-sn-glycero-3-phosphoethanolamines. More preferably, L is a lipid 
selected from the group consisting of 1 ,2-diacyl-sn-glycero-3-phosphocholines, 1 ,2-diacyl-sn-glycero-3-phosphoeth- 
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anolamines, 1 ,2-diacyl-sn-glycero-3-[phospho-rac-(1 -glycerols)], 1,2-diacyl-sn-glycero-3-phosphates 1 2-diacyl-sn- 
glycero-3-[phosphoserines], lysophosphatidylcholines, lysophosphatidyl-glycerols and 1 ,2-diacyl-sn-glycerols. 
[0229] In other preferred embodiments, L is a protein which comprises albumin. 

[0230] In still other preferred embodiments, L may be a polymer which comprises synthetic polymers or copolymers 
prepared from monomers selected from the group consisting of acrylic acid, methacrylic acid, ethyleneimine crotonic 
acid, acrylarmde, ethyl acrylate, methyl methacrylate, 2-hydroxyethyl methacrylate, lactic acid, glycolic acid, e-caprolac- 
tone, acrolein, cyanoacrylate, bisphenol A, epichlorhydrin, hydroxyalkylacrylates, siloxane, dimethylsiloxane ethylene 
ox.de, propylene oxide, ethylene glycol, hydroxyalkylmethacrylates, N-substituted acrylamides, N-substituted methacr- 
ylamides, N-vmyl-2-pyrrolidone, 2,4-pentadiene-1-ol, vinyl acetate, acrylonitrile, styrene, p-amino-styrene, p-aminoben- 
zylstyrene, sodium styrene sulfonate, sodium 2-sulfoxyethylmethacrylate, vinyl pyridine, aminoethyl methacrylates 2- 
methacryloyloxytrimethylammonium chloride and polyphosphazene. Also preferred are compounds where L is a poly- 
mer which comprises synthetic polymers or copolymers selected from the group consisting of polyacrylic acid polyeth- 
yleneimme, polymethacrylic acid, polymethylmethacrylate, polysiloxane, polydimethylsiloxane, polylactic acid polv(e- 
caprolactone), epoxy resin, poly(ethylene oxide), polypropylene oxide), polyethylene glycol), polyamide. polyvinyli- 
dene-polyacrylonitrile, polyvinylidene-polyacrylonitrile-polymethylmethacrylate and polystyrene-polyacrylonitrile Pre- 
ferred among these polymers is polyvinylidene-polyacrylonitrile copolymer. 

[0231] In other preferred embodiments, L is a surfactant, preferably a fluorosurfactant, and more preferably a fluor- 
osurfactant having polyethylene glycol attached thereto. 

[0232] In the above compounds. P is a hydrophilic polymer. Preferably, P is a hydrophilic polymer selected from the 
group consisting of polyalkyleneoxides, polyvinyl alcohol, polyvinylpyrrolidones, polyacrylamides, polymethacryla- 
mides po lyphosphazenes, phosphazene, polyfhydroxyalkylcarboxylic acids) and polyoxazolidines. More preferably P 
is a polyalkyleneoxide polymer, with polyethylene glycol and polypropylene glycol being even more preferred and poly- 
ethylene glycol being particularly preferred. 

K !" 3b0Ve ,0rmUla ■ T iS 3 ' arge,in9 li9and ' includin 9 lhe P referred tar 9 e,in 9 ^ands discussed above 
[0234] In the case of targeting ligands which comprise saccharide groups, suitable saccharide moieties include for 
example, monosaccharides, disaccharides and polysaccharides. Exemplary monosaccharides may have six carbon 
atoms and these saccharides include allose, altrose, glucose, dextrose, mannose, gulose, idose, galactose talose 

Ind IT. PS,C T' K° Se ,a9atOSS - Rve Carb ° n saccharides ribose, arabinose, xylose, .yxose, ribulose 

and xylulose. Four carbon saccharides include erythrose, threose and erythrulose. Disaccharides include sucrose lac- 

TLTl't ^ C !" 0biOSe ' Saccharide beari "9 ,ar 9 eti "9 **»■ may be synthesized through a multlstep 
organic synthesis approach, as descnbed more fully hereinafter. For example, lipids bearing targeting glucose moieties 
may be prepared by reacting, for example, a-glucopyranosyl bromide tetrabenzyl with io-trifluoroacetylaminopoly-ethyl- 
eneglycol to obta.n u-glucopyranosyl tetrabenzyl-o.'-trifluoroacetylaminopoly-ethyleneglycol. This may then be hydro- 
■yzed ,n a sodium carbonate or potassium carbonate solution and then hydrogenated to obtain co-glucopyranpsyi- 
rJT?°", P Ve l " en ! 9 ' yC01 - Amin ° 9'vcopyranosyl terminated polyethyleneglycol may then react with N DPGS-succin- 
imide to form the lipid bearing saccharide DPGS-NH-PEG-Glucose. 

ml 3 ?nn, a C ° mPOUndS T'T* 1 ^ PreS6nt com P osi,ions . includi "9 lipids, proteins, surfactants and/or polymers 

rl T T° US k" I 0 " 3 ' 9r ° UPS ' SUCh 3S ' f ° r eXample ' hydroxy - thi0 and amine croups, which can react with a 

would bf"' " t r " "r "2 d6riVatiVe ° f hydr ° PhiliC P °' ymeriC Hnker USi "9 suita ^ coupling conditions w Jch 
would be apparent to one of ord.nary skill in the art, once armed with the present disclosure After the carboxvlic acid 

thZtlT T ,here0,) reaC,S ' he ,mCti0nal 9r ° UP ' for 6Xample ' thi ° - 9- up to form afeste? 

thioester or am.de group, any protected functional group may be deprotected utilizing procedures which would be weH 

ockr a 17^ T *T ™ 6 T 9r ° up ** « d herein ' refers *«* which ma^be used to 

block reaction of a funct.onal group and which may be removed, as desired, to afford the unprotected functional group 
Any of a variety of protecting groups may be employed and these will vary depending, for example as to whether the 

teZ arouostdut?" f^i ^7' " " ,he ' UnC,i ° nal a 

tecting groups include, for example, certa.n ethers, esters and carbonates. Such protecting groups are described for 
example ,n in Greene, TW and Wuts, PGM "Protective Groups in Organic Synthesis" John Witey, New YorkTnd Edition 
( 991), the disclosures of which are hereby incorporated herein by reference, in their entirety Exemplary profecSg 
^SK2KSJK^ ™> -nzyloxycarbonyKCbk 

S£f L h Amine f hT WhiCh ^ be PfeSem ' f ° r eXamp ' e ' ° n a backbone of a P°'ymer which is included in the ves- 
icles may be coupled to am.ne groups on a hydrophilic linking polymer by forming a Schiffs base for example bv usfno 

» L Tl'J^' ( . ] ' dlsclosures of whlch are h ereby incorporated herein by reference, in their entirety 

is andThes; freT Imin* ^ T P °' ylySine ' *" amin0 9r ° UpS ™ y be exp0sed °" the surta - of «he vest 
cles, and these free am.ne groups may be activated as described above. The activated amine groups can be used in 
turn, to couple to a functioned hydrophilic polymer, such as, for example, ^h^^ZS^Z 
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hydroxy group has been protected with a carbonate group. After the reaction is completed, the carbonate group can be 
cleaved, thereby enabling the terminal hydroxy group to be activated for reaction to a suitable targeting ligand. In certain 
embodiments, the surface of a vesicle may be activated, for example, by displacing chlorine atoms in chlorine-contain- 
ing phosphazene residues, such as polydichlorophosphazine. Subsequent addition of a targeting ligand and quenching 
of the remaining chloride groups with water or aqueous methanol will yield the coupled product. 
[0237] In addition, poly(diphenoxyphosphazene) can be synthesized (Allcock et al. t Macromolecules Vol. (1986) 
19(6), pp. 1502-1508) and immobilized, for example, on DPPE, followed by nitration of the phenoxy moieties by the 
addition of a mixture of nitric acid and acetic anhydride. The subsequent nitro groups may then be activated, for exam- 
ple, by (1 ) treatment with cyanogen bromide in 0.1 M phosphate buffer (pH 1 1 ), followed by addition of a targeting ligand 
containing a free amino moiety to generate a coupled urea analog, (2) formation of a diazonium salt using sodium 
nitrite/HCI, followed by addition of the targeting ligand to form a coupled ligand, and/or (3) the use of a dialdehyde, for 
example, glutaraldehyde as described above, to form a Schiffs base. After linking the DPPE to the hydrophilic polymer 
and the targeting ligand, the vesicles may be formulated utilizing the procedures described herein. 
[0238] Aldehyde groups on polymers can be coupled with amines as described above by forming a Schiffs base. 
An example of this coupling procedure is described in Allcock and Austin Macromolecules vol 14. p1616 (1981), the 
disclosures of which are hereby incorporated herein by reference, in their entirety. 

[0239] In the above procedures, the polymer or terminus of the lipid, for example, phosphatidylglycerol or phos- 
phatidylethanolamine, is preferably activated and coupled to the hydrophilic polymeric linker, the terminus of which has 
been blocked in a suitable manner. As an example of this strategy, a-amino, w-carboxy PEG-4000 having a t-Boc pro- 
tected terminal amino group and a free carboxylate end, may be activated with 1 ,1 '-carbonyldi imidazole in the presence 
of hydroxybenzotriazole in N-methylpyrrolidone. After the addition of phosphatidylethanolamine, the t-Boc group may 
be removed by using trifluoroacetic acid (TFA), leaving the free amine. The amine may then be reacted with a targeting 
ligand which may comprise, for example, a peptide, protein, alkaloid, or other moiety, by similar activation of the ligand, 
to provide the lipid-linker-targeting ligand conjugate. Other strategies, in addition to those exemplified above, may be 
utilized to prepare the lipid-linker-targeting ligand conjugates. Generally speaking, these methods employ synthetic 
strategies which are generally known to those skilled in the art of synthetic organic chemistry. 
[0240] Additional linkers would include other derivatives of lipids useful for coupling to a bifunctional spacer. For 
example, phosphatidylethanolamine (PE) may be coupled to a bifunctional agent. For example N-succinimidyl 4-(p- 
maleimidophenyl)butyrate (SMPB) and N-succinimidyl 3-(2-pyridyldithiol) propionate (SPDP), N-succinimidyl trans-4- 
(N-maleimidylmethyl)cyclohexane- 1 -carboxylate (SMCC), and N-succinimidyl 3-maleimidylbenzoate (SMB) may be 
used among others, to produce, for example the functionalized lipids MPB-PE and PDP-PE. 

[0241] The free end of the hydrophilic spacer, such as polyethylene glycol ethylamine, which contains a reactive 
group, such as an amine or hydroxyl group, may be used to bind a cofactor or other targeting ligand. For example, pol- 
yethylene glycol ethylamine may be reacted with N-succinimidylbiotin or p-nitrophenylbiotin to introduce onto the spacer 
a useful coupling group. For example, biotin may be coupled to the spacer and this may readily bind proteins non-cov- 
alently. As an example, MPB-PEG-DPPE may be synthesized as follows. DPPE-PEG with a free amino group at the 
terminus of the PEG may be provided as described previously. Synthesis of the SMPB-PEG-DPPE may then be carried 
nut with 1 equivalent of triethylamine in chloroform at a molar ratio of 1 :5 SMPB-DPPE-PEG. After 3 hours, the reaction 
mixture may be evaporated to dryness under argon. Excess unreacted SMPB and major by products may be removed 
by preparative th.n layer chromatography (TLC, silica gel developed with 50% acetone in chloroform). The upper portion 
of the lipid band can be extracted from the silica with about 20-30% methanol in chloroform (V:V) resulting in the isola- 
tion of pure intact MPB-Peg-DPPE. Streptavidin may then be coupled to proteins so that the proteins in turn may then 
be coupled to the MPB-PEG-DPPE. Briefly, SPDP may be incubated with streptavidin at room temperature Ibr30 min- 
utes and chromatography may be employed to remove unreacted SPDP. Dithiothreitol (DTT) may be added to the reac- 
tion mixture followed thereafter with 2-thiopyridone at a concentration, for example, of 343 nM. The remainder of the 
reaction mixture may be reduced with DTT (for example, 25 mM for 10 min). The thiolated product may be isolated by 
gel exclusion, and the resulting streptavidin labeled proteins may then be used to bind to the biotinylated spacers affixed 
to the lipid moieties. 

Nuclear Localization Sequences 

[0242] The compositions of the present invention may further preferably comprise a nuclear localization sequence 
(NLS). Nuclear localization sequences may be incorporated into the present compositions, including vesicle composi- 
tions, to advantageously enhance import of the compound to be delivered into the nucleus of the target cell, allowing 
for localization or concentration of such compounds therein, where such compounds may interact with the cellular 
genetic material or otherwise exhibit an effect. 

[0243] Preferred nuclear localization sequences include, for example, peptides having the following amino acids 
sequences: Pro Lys Lys Lys Arg Lys Val (SEQ ID NO:3), Asn Lys lie Pro lie Lys Asp (SEQ ID NO:4), Lys Lys Tyr Glu 
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Asn Val Val lie Lys Arg Ser Pro Arg Lys Arg Gly Arg Pro Arg Lys Asp Gly Thr Ser Ser Val Ser Ser Ser (SEQ ID N05) 
Ser Ser Asp Asp Glu Ala Thr Ala Asp Ser Gin His Ser Thr Pro Pro Lys Lys Lys Arg Lys Val (SEQ ID NO:6) Arg Ser Ser 
Arg Gly Lys Arg Arg Arg lie Glu (SEQ ID NO:7), Arg Lys Ser Ser Thr Pro Glu Glu Val Lys Lys Arg Lys Lys Ala (SEQ ID 
NO:8), Ala Lys Ser Ser Arg Lys Arg Lys Leu (SEQ ID NO:9), Ser Ser Asp Asp Glu Ala Thr Ala Asp Ser Gin His Ser Thr 
Pro Pro Lys Lys Lys Arg Lys Val (SEQ ID NO:10), Arg Arg Pro Ser Lys Ala Lys Arg Gin Arg (SEQ ID NO: 1 1) Arg Arq 
Pro Ser Arg Arg Lys Arg Arg Gin Arg (SEQ ID NO: 12), Arg Arg Pro Ser Glu Glu Lys Arg Lys Arg (SEQ ID N01 3) Pro 
Lys Arg Arg Arg His Arg Gin Asp Ala Leu Pro Gly Pro Cys He Ala Ser Thr Pro Lys Lys His Arg (SEQ ID N014) Pro Lys 
fnln 9 ^! 9 o , ArQ G ' n Pr ° Gl " Pr ° LyS Af9 Arg Arg His Ar 9 < SEQ ,D N0:15 >. Pro Arg Arg Arg His Arg (SEQ 

Spr i ir mow V ! ^ Af9 ^ (SE ° ,D N ° : 1 7)l Afg LyS LyS LyS Ar9 L *» < SEQ ID N0: 18 >' Pro ^ Lys His Arg 
(SEQ ID NOM9) Arg Arg Gly Leu Lys Arg (SEQ ID NO:20), Lys Lys Lys Arg Lys Val (SEQ ID NO:21), Ala Val Lys Arg 

m°. £ LyS Ala G ' y G ' n Ala LyS LyS Lys Lys Leu < SEQ ID NO:22 >. v a' Asn Arg Lys Arg Asn Lys Leu 

T £ n NO:23) ' " 6 G ' U G ' n LyS LyS Ar9 Thr Tyr Glu < SEQ ID NO:24 )> Ala Phe Glu Asp Leu aT 9 Val 
p 6U f, 6 ^ ? ,D NO:25), Lys Arg Pro Arg Pro (SEQ ID NO:26), and Met Leu Ser Leu Arg Gin Ser lie Arg Phe Phe Lys 
Pro Ala Thr Arg (SEQ ID NO:27). Preferred peptides also include peptides having basic amino acid residues followed 
by about 1 0 to about 1 2 intervening amino acids followed by basic amino acids. The preferred NLS has from about 2 to 
about 10 ammo acids. A particularly preferred NLS is shown in SEQ ID NO:20. These peptides can be prepared by 
basic peptide synthesis techniques well known to those skilled in the art. 

[0244] Additional NLS molecules which may be incorporated in the present compositions include, for example 
influenza virus nucleoprotein, karyopherin ($1 , human stall gene, m-importin, mouse homolog of nuclear pore targeting 
complex, hepatitis B virus (HBV) polymerase, glucocortocoid receptor (GlucR), interferon-regulated factors ISGF-3 and 
Si iiTp TtT^ 0 end ° n "clease promoter SW15, Drosophila melanogaster morphogen dorsal, nuclear fac- 

Sl^^^n^pS 9 " C ,'T ,' amin B * GfH reCeP, ° r ' C -' 0S ' C0,Hin ' rNF "- 6 ' NF " AT P |C - PKA C - Subun «. 

dx 9 L£ C " a ' ,0deS,ar ' V " JUn ' CyClin 81 (B " type c y clins >' adenovirus 5 E1 a protein, xnf7, PwA33, Rb- 
l, pt>d, c-myc, PTF1, HMG1/2, and tegument protein pp65 (UL83) of human cytomegalovirus. Exemplary NLS mole- 

% iT^i n ~ e me,hods and c ° m p° siti ° ns °« »» ™ ^ in 

U.S Patent No. 5,576,201, U.S. Patent No. 5,580,766, Shieh, etai, Plant Physiol. , 1993, 101, 353-361 Nadler era/ 

276 isSlSlR 1 ? 9 , 7 ' I?!? 1 * ReCh ' eta '- ' Ce " SCienCe - 1 " 4 ' 1 ° 7 ' 3029 - 3036 ' G ° ld,art >. ^nce! 19 9 t 
S'i ' er " at,0nal Pub "cation No. WO 95/34295, Davey, etal, J. Cell. Biochem. Supp. O (9 Part C) 1985 

20% Z a 2: r i rr7Lt a L SCL USA 1 " 5 ' 92 ' 20 ° 8 - 2011 ' Y0k ° ya ' «*- Cell Structure function, 199s! 
20(6) 600, Albert., etal., Gut, 1979, 20, 190-195, Manz, etal., J. Steroid Biochem., 1982, 17, XXXVI Petricoin eta 

cTmZT™£» r f pp ; 1 ; s ; 54, Massa ' etal - J - Mron cyt Res - 1 " 6 - ; * 7 "- 8i ° nSSE: eta,: 

£11 ' t 1 ~ ISOda ' 6,a/ - Genes Dev < 1992 ' 6 ' 619 '630, Yurochko, etal., J. Virol., 1995, 69, 5391-5400, 
Verwie,. etal. J B/o/. Chem., 1990, 265, 15788-15795, Byrnes, etal., J. Cell Biochem Suppl O, 1987 1 parte 138 
Chen. etal. J. V.rol., 1983, 45, 104-113. Beckmann. etal., Biol. Chem. Hoppe-Seyler, 1992, 373(9) 752-?53 Ze tier' 

Zool. Sc,., 1984, , 903, Metz, etal., Oncogene, 1991, 6, 2165-2178, Schroeder, etal., FASEBJ., 1993 7(3-4) A643 
Rosenbaum, etal., J. Cell Bid., 1989, 109(4 Part2), 214A. Girdham. et a,., Genes Dev., 1991 5 1786-^9 Rvder' 

? S S N '£ 151 o^" er ' * - - ° We/0 ^ f - 1991 - "3. 569-576, Bellini, etal, J. Cell 
ff LficfLIf o ; ? 9a '' e ' a/ " ^ P, ' a^ ' 7, ■ 8u// - 1972 ' 20 ' 1212-1216. Sun, era/., Mo/. Ce//. B/b/., 1995 

989 7 97 TzT^tTT; ^ ™* 1 ° 66 - 1076 ' R ° UX ' « +> ^ 

1L k ' u " e,aA ' Wro '- ' S2 ' 22 °- 228 ' ,he d'sdosures of each of which are hereby incor- 

porated herein by reference in their entirety. IWOUy II1MJI 

[0245] As indicated above, tegument protein pp65 (UL83) of human cytomegalovirus may be used as an NLS In 
addition, fragments within the tegument protein pp65 sequence may also be useS as an NLS For examofe the C te 

,7mi n" n H ^ ^'l* ^ * ^ " e ^ ^ LyS LyS H ' S Ar9 iS — »% W £ me C- 

terminus of tegument protein pp65. Thus, fusion of the carboxy-terminal element in SEQ ID NO:14 to a peptide wouW 
be expected to provide an NLS. SEQ ID NO: 15 would similarly be expected to provide an NLS 

SSfL Fra9men,S ° f te9 r en ' Pr ° tein PP65 Which may be used as an NLS or in ^ Preparation of same are iden- 
t i ied, for example as basic boxes A, B, C and D in Schmolke, S. Journal of Virology, 1995, V;-1071-1078 the dis- 
closures of which are hereby incorporated herein by reference, in their entirety For examS the NLS may be 

^SE P Q?D NOmT^ T C ,"° ,r °H Pr ° ,ein ™ e "-no*"*- b °x of C includes'the sequenc^ ^hown 

n SEQ ID NO 16 which is almost identical in basic structure to the NLS of SV40 shown in SEQ ID NQ1 7 Nuclear oT 
tein has been identified in Xenopus. the basic amino-terminal sequence shown in SEQ ID NO 18 In blwrK3?a 
sequences, only two basic residues a, the amino terminus may be required for the function of the entire NLS T^e car 
boxy-lerm,nus of basic box D of the tegument protein includes the sequence shown in SEQ .D N01 9 a shorToHgopeD- 
Ue which may a^o be used as an NLS. .t may be more effective, however, when box D is fused to box C ^pSsbn 
of two copies of C ,n bipartite configuration may be used for effective nuclear import. The resulting NLS may »h s f s 
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with the receptor on the nuclear envelope. Another example of a nuclear receptor is the recombinant protein hSRPIa 
which may bind to simple or bipartite NLS motifs. Molecules which avidly bind hSRP1 a may be used as NLS also. 
[0247] Exemplary NLS molecules which may be employed in the methods and compositions of the present inven- 
tion are described, for example, in U.S. Patent Nos. 5,576,201 and 5,580,766, "Nuclear Targeting Of The Maize R Pro- 
tein Requires Two Nuclear Localization Sequences," Shieh, ef a/.. Plant. Physiol., 1993, 707:353-61; "Differential 
Expression And Sequence-Specific Interaction Of Karyopherin a With Nuclear Localization Sequences," Nadler ef al 
J. Biol. Chem., 1997, 272:4310-15; and "Nuclear Import Of Serum Response Factor (SRF) Requires A Short Amino- 
Termmal Nuclear Localization Sequence And Is Independent Of The Casein Kinase II Phosphorylation Site " Rech ef 
al., J. Cell Science., 1994, 707:3029-36, the disclosures of each of which are hereby incorporated herein by reference 
in their entirety. 

[0248] In another preferred embodiment of the invention, optimal delivery of the compound to be delivered may be 
accomplished by overcoming lysosomal and endosomalytic digestion of transfected macromolecules. The composi- 
tions described herein may optionally include viral fragments or viral proteins which function in situ to inhibit lysis as 
described in Schwarzenberger. et al., Blood., 1996, 07:472-8, the disclosures .of which are hereby incorporated herein 
by reference in their entirety. 

[0249] The NLS materials may be incorporated into the compositions of the present invention in various ways In 
this connection, the nuclear localization sequences may, for example, be simply combined with the organic halide com- 
pound to be delivered and optional carrier. In embodiments involving vesicles, for example, the nuclear localization 
sequence may, for example, be encapsulated within the vesicles. In addition, if desired, the nuclear localization 
sequence may be associated with stabilizing materials, including stablizing materials in the form of vesicles, covalently 
or non-covalently. Thus, in certain preferred embodiments, as in the case of targeting ligands, the nuclear localization 
sequence may be bound, for example, via a covalent or non-covalent bond, to at least one of the lipids, proteins poly- 
mers or surfactants which may be incorporated in the vesicles. In addition, the nuclear localization sequence may be 
associated w.th the compound to be delivered covalently or non-covalently. The covalent and/or non-covalent associa- 
tion of the nuclear localization sequence with the stabilizing materials and/or compounds to be delivered may involve 
the same or similar techniques as described above in connection with targeting ligands. Accordingly, the above discus- 
sion respecting targeting ligands and methods for their incorporation into the present compositions is incorporated 
herein by reference, in its entirety. 

[0250] It is contemplated tat the covalent (or non-covalent) binding between the nuclear localization sequence and 
one or more stabilizing materials, such as lipids, especially lipids in the form of vesicles, as well as compounds to be 
delivered, may desirably enhance the delivery to the nucleus of the compound to be delivered. In the case of com- 
pounds to be delivered which comprise genetic material [i.e., DNA or RNA) and nuclear localization sequences which ' 
comprise peptides, a variety of methodologies are available to couple the genetic material to the peptides. For example 
Lin et al., Proc. Natl. Acad. Sci, USA, 1995, 92:11044-11048, the disclosures of which are hereby incorporated herein 
by reference in their entirety, describes methods in which the 3' end of the nucleic acid chain (ssDNA is generally pre- 
ferred over dsDNA) may be modified with a thiol group using C3-S-SCPG reagent and an optional tether of phosphoa- 
mid,te ethylene glycol units between the thiol and the 3' end. The thiolated nucleic acid may then be reacted with an 
excess of N-methoxysuccinyl-(NLS)-peptide in dimethylformamide with trimethylammonium acetate at pH 7 5 for for 
^L U ,V 2 ,0 ^ 0U, 16 h ° UrS at r °° m ,em P erature - Unreacted peptide may be removed by reaction with dithiothreitol 

I L variati °ns for covalently linking NLS peptides to genetic material may involve, for example attaching 

a djsulf.de moiety to the free 3'-OH via a cysteine reidue (if any) in the peptide, or preparing a peptide nucleic acid (see 
PCT publication WO 96/1 1205 and Norton et al., Bioorg. Med. Chem. (95) 3:437-445, the disclosures of each of which 
are hereby incorporated herein by reference, in their entirety). 

[0252] The useful dosage of nuclear localization sequence to be administered or delivered, as well as the mode of 
administration, may vary depending upon, for example, the type and nature of the nuclear localization sequence 
involved, the age, weight, cells or patient (animal) to be treated, the particular diagnostic, therapeutic, or other applica- 
icn intended (including the disease state, if any, to be prevented and/or treated), the compound to be delivered and 
the organ.c hahde (,f any) and carrier (if any) employed. Typically, dosage may be initiated at lower levels and may be 
increased until the desired therapeutic or diagnostic effect is achieved. The desired dosage, including any therapeuti- 
cally or diagnostically effective dosage amounts, will be well within the ambit of one skilled in the art armed with the 
prevailing medical literature and with the present disclosure. Representative amounts are provided in the examples 
herein. Of course, higher or lower amounts may be employed, as will be recognized by the skilled artisan. 

Fusion Peptides 

[0253] The ability to fuse or bind to a membrane may also be enhanced by optionally including a fusion peptide in 

WR^l™ TTtJ PeP ' ideS inC ' Ude ' ,0r example ' 'L-2-diphtheria toxin related, 

TNFR.Fc (p75) IL-2, TNFa receptor antibody-IL-2, rif-L-myc, p65 synaptotagmin, PIXY321 (GM-CSF/IL-3) 
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PMURARot (promyelocyte leukemia), and OmpA. Additional fusion proteins include, for example, PEN-1, C9, and 
muteins thereof. The amino acid sequence of native PEN-1 is as follows: Lys Leu Met Lys Lys lie Pro Gin He Ser Asp 
Ala Glu Leu Glu Val Met Lys Val He Trp Lys His Ser Ser He Asn Thr Asn Glu Val He Lys Glu Leu Ser Lys Thr Ser Thr Trp 
Ser Pro Lys Thr lie Gin Thr Met Leu Leu Arg Leu lie Lys Lys Gly Ala Leu Asn His His Lys Glu Gly Arg Val Phe Val Tyr 

5 Thr Pro Asn lie Asp Glu Ser Asp Tyr lie Glu Val Lys Ser His Ser Phe Leu Asn Arg Phe Tyr Asn Gly Thr Leu Asn Ser Met 
Val Leu Asn Phe Leu Glu Asn Asp Gin Leu Ser Gly Glu Glu lie Asn Glu Leu Tyr Gin lie Leu Glu Glu His Lys Asn Arg 
Lys Lys Glu Pro Trp Asp Ser Asp Arg Ala He Glu Gly Arg (SEQ ID NO:28). The amino acid sequence of C9 fusion pep- 
tide is: Ala Ser Asp Arg Ala lie Glu Gly Arg (SEQ ID NO:29). The amino acid sequences of exemplary C9 muteins 
include, but are not limited to: Asp Ala Asp Arg Ala lie Glu Gly Arg (SEQ ID NO:30), Asp Ser Ala Arg Ala lie Glu Gly Arg 

10 (SEQ ID NO:31 ), Asp Ser Asp Ala Ala lie Glu Gly Arg (SEQ ID NO:32), Asp Ser Asp Arg Ser He Glu Gly Arg (SEQ ID 
NO:33), Asp Ser Asp Arg Ala Ala Glu Gly Arg (SEQ ID NO:34), Asp Ser Asp Arg Ala Me Ala Gly Arg (SEQ ID NO:35), 
Asp Ser Asp Arg Ala He Glu Ala Arg (SEQ ID NO:36), and Asp Ser Asp Arg Ala He Glu Gly Ala (SEQ ID NO:37). 
[0254] Fusion peptides which may be optionally included in the present compositions include fusion peptides that 
may contain all or a substantial portion of the MPS-1 sequence (or a homologous analog of MPS-1) which may be cou- 

15 pled to an additional polypeptide having one or more desired functions. For example, certain sequences which are usu- 
ally present at the amino termini of secreted proteins may increase the rate at which polypeptides are secreted by cells; 
see, e.g., Ensoli, B. etai., Nature, 1990, 345:84-86 and Watson, J.D. et a/., "Molecular Biology of the Gene", The Ben- 
jamin Cummings Publishing Co., Menlo Park, Calif., pp. 730-735 (1988), the disclosures of each of which are hereby 
incorporated herein by reference, in their entirety. As another example, NLS, mentioned above, may be involved in the 

20 transport of polypeptides into the nucleus: see, e.g., Frankel, A. D. era/., Cell, 1988, 55:1 189-1 193, Watson, J.D. etai., 

- ' "Molecular Biology of the Gene", The Benjamin Cummings Publishing Co., Menlo Park, Calif., pp. 730-735 (1 988), Kal- 
deron, D. etai., Cell, 1984, 39:499-509, and Silver, RA. etai., Proc. Natl., Acad. Sci. USA, 1984, 81 :5951-5955, the 
disclosures of each of which are hereby incorporated herein by reference, in their entirety. Another example involves 
sequences that may be cleaved from polypeptides inside the cytoplasm to generate "mature" peptides that do not have 

25 a methionine residue at the amino terminus; see, e.g., Watson, J.D. et a/., "Molecular Biology of the Gene", The Ben- 
jamin Cummings Publishing Co., Menlo Park, Calif., pp. 730-735 (1988), the disclosures of which are hereby incorpo- 
rated herein by reference, in their entirety. If desired, a chimeric gene can be created which will express an MPS peptide 
sequence coupled to any of those three types of sequences to provide an MPS fusion peptide having the additional 
function conferred upon it by the secretion, NLS, or cleavage sequence. 

30 [0255] Another class of fusion peptides which may have even greater potential importance in connection with can- 
cer therapy and other types of therapy as well involves MPS sequences coupled to cell specific carrier sequences. As 
used herein, "cell-specific carrier sequences" refers to polypeptide sequences that may preferentially bind and enter 
into certain types of cells, preferably without having comparable affinity for other types of cells. For example, cancer 
cells may have growth factor receptors on their surfaces which may be absent from the surfaces of normal cells, or 

35 which may be present at much lower concentrations on the surfaces of normal cells. A number of cancer-related growth 
factors and their receptors are listed and reviewed in Cooper, G. M., Oncogenes, Jones and Barlett Publishers, Boston 
(1990), the disclosures of which are hereby incorporated herein by reference in their entirey. These include TGF alpha 
receptor (which may be present in abnormally high quantities on the surfaces of certain human epidermoid carcinoma 
cells) and interleukin-2 (which is a growth factor for both T cells and T lymphoma cells). Accordingly, it is possible to 

40 couple such ligands to the MPS-1 polypeptide sequence to create a fusion peptide, which may be expressed by a single 
chimeric gene in genetically transformed cells; see e.g. Siegall, C.B. et ai, FASEB J., 1989, 3:2647-2652 and Lorber- 
boum-Galski, H. etai., Proc. Natl. Acad. Sci. USA, 1988, 55:1922-1926, the disclosures of each of which are hereby 
incorporated herein by reference, in their entirety. The fusion peptide can be mixed with a source of metal ions other 
than zinc, such as cadmium or platinum, to generate an MPS analog which may be capable of suppressing rather than 

45 stimulating cell division. The carrier sequence may help to recognize and carry the MPS analog into the cancerous tar- 
get cells expressing the specific type of cell surface receptor. Furthermore, these fusion peptides may make it possible 
to control MPS-1 mediated gene expression in specific cell types. 

[0256] An important class of MPS-1 analogs includes analogs having one or more amino acid residues which may 
be replaced with other residues, for example, to enhance the stimulatory activity of the analog in comparison to natural 

so MPS-1 , or to provide some other desired benefit. For example, the cysteine 64 and/or cysteine 77 residues, which are 
not involved in the zinc finger domain of MPS-1 , may be replaced by serine or another amino acid residue, which may 
desirably prevent the mutated analog from forming unwanted disulfide bridges at these sites. In addition, in the case of 
MPS antagonists, the purpose of a site-specific mutation may be to enhance the growth-inhibiting activity of the analog. 
While the specific effects of any such site-specific mutation on the biological activity of the resulting analog are not 

55 entirely clear, it is possible, using computers and molecular modeling, to identify promising MPS candidate analogs for 
screening tests. The selected candidate MPS analogs may be generated using the techniques of genetic engineering; 
this is easily done using M13 viral vectors. The resulting MPS analogs may then be screened to determine whether 
have a desirable increase in growth-stimulating or growth suppressing activity, using routine screening tests as 
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described herein. Such analogs which may be derived from the MPS-1 sequence disclosed herein, and which may 
have substantial homology with the MPS-1 sequence disclosed herein, where the screening tests require no more than 
routine skill in the art, are within the scope of the present invention. 

[0257] Additional fusion peptides corresponding to regions of the MPS-1 protein include, but are not limited to, 
PIAKDLLGPSPEEEKR (SEQ ID NO:38), which corresponds to MPS-1 amino acid residues 2-1 7 and derives from the 
N-terminal region of the peptide, located between the N-terminus and the zinc finger domain, YKITTVFSHAQTVVL 
(SEQ ID NO:39), which corresponds to MPS-1 amino acid sequence 41-55 in the zinc finger domain, and TGG- 
KARLTEGCSFRRQH (SEQ ID NO:40), which corresponds to MPS-1 amino acid sequence 67-84 located between the 
zinc finger and the C-terminus. All three peptides were synthesized on an Applied Biosystems peptide synthesized 
(Model 430A) using ter-butyloxycarbonyl (t-boc) chemistry. 

Methods Of Preparation 

[0258] A wide variety of methods are available for the preparation of the compositions, including compositions com- 
prising vesicles, such as micelles and/or liposomes. Included among these methods are, for example, shaking drying 
gas-installation, spray drying, and the like. Suitable methods for preparing vesicle compositions are described for 
example, in U.S. Patent No. 5,469,854, the disclosures of which are hereby incorporated herein by reference in their 
entirety. The vesicles are preferably prepared from lipids which remain in the gel state. 

[0259] Micelles may be prepared using any one of a variety of conventional micellar preparatory methods which will 
be apparent to those skilled in the art. These methods typically involve suspension of a carrier material, such as a lipid 
compound, in an organic solvent, evaporation of the solvent, resuspension in an aqueous medium, sonication and cen- 
trifugation. The foregoing methods, as well as others, are discussed, for example, in Canfield et al., Methods in Enzy- 
motogy, 789:41 8-422 (1 990); El-Gorab et al, Biochem. Biophys. Acta, 306:58-66 (1 973); Colloidal Surfactant, Shinoda 
K., Nakagana, Tamamushi and Isejura, Academic Press, NY (1963) (especially "The Formation of Micelles", Shinoda, 
Chapter 1, pp. 1-88); Catalysis in Micellar and Macromolecular Systems, Fendler and Fendler, Academic Press NY 
(1975). The disclosures of each of the foregoing publications are hereby incorporated herein by reference in their 
entirety. 

[0260] In liposomes, the lipid compound(s) may be in the form of a monolayer or bilayer, and the monolayer or 
b. aver lipids may be used to form one or more monolayers or bilayers. In the case of more than one monolayer or 
bilayer, the monolayers or bilayers are generally concentric. Thus, lipids may be used to form unilamellar liposomes 
(comprised of one monolayer or bilayer), oligolamellar liposomes (comprised of two or three monolayers or bilayers) or 
multilamellar liposomes (comprised of more than three monolayers or bilayers). 

[0261] A wide variety of methods are available in connection with the preparation of vesicles, including liposomes 
Accordingly, liposomes may be prepared using any one of a variety of conventional liposomal preparatory techniques 
which will be apparent to those skilled in the art, including, for example, solvent dialysis, French press, extrusion (with 
or without freeze-thaw), reverse phase evaporation, simple freeze-thaw, sonication, chelate dialysis, homogenization 
so vent infusion, microemulsification, spontaneous formation, solvent vaporization, solvent dialysis, French pressure 
cell technique, controlled detergent dialysis, and others, each involving the preparation of the vesicles in various fash- 
ions, oee, e.g., Maoaen et al., unernstry and Hhysics ot Lipids, 53:37-46 (1990), the disclosure of which is hereby 
incorporated herein by reference in its entirety. Suitable freeze-thaw techniques are described, for example, in Interna- 
tonal Application Serial No. PCT/US89/05040, filed November 8, 1 989, the disclosure of which is hereby incorporated 
herein by reference in its entirety. Methods which involve freeze-thaw techniques are preferred in connection with the 
preparation of liposomes. Preparation of the liposomes may be carried out in a solution, such as an aqueous saline 
solution, aqueous phosphate buffer solution, or sterile water. The liposomes may also be prepared by various proc- 
esses wh,ch involve shaking or vortexing, which may be achieved, for example, by the use of a mechanical shaking 
device such as a W,g-L-Bug'« (Crescent Dental. Lyons, IL), a Mixomat (Degussa AG, Frankfurt, Germany), a Capmix 
Espe Fabnk Pharmazeutischer Praeparate GMBH & Co., Seefeld, Oberay Germany), a Silamat Plus (Vivadent Lech- 

Tl ! I?.? «"* (QUay ' e Denta '' SUSSeX> Eng ' and) - c ° nv en«onal microemulsification equipment, such as a Micro- 
fluidizer™ (Microfluidics, Woburn, MA) may also be used. 

[0262] Spray drying may be employed to prepare gas filled vesicles. Utilizing this procedure, the carrier materials 
such as lipids may be pre-mixed in an aqueous environment and then spray dried to produce gas filled vesicles The 
vesicles may be stored under a headspace of a desired gas. 

[0263] Many liposomal preparatory techniques which may be adapted for use in the preparation of vesicle compo- 
sitions are discussed, for example, in U.S. Patent Nos. 4,728,578, 4,728,575, 4,737,323, 4,533 254 4 162 282 

PCT/lS/nnRi 4 M 921,70 ? ; , U o K - r a,ent APP ' iCa,i0n GB 2193095 A; 'ntemational Application ' Serial * No.' 
PCT/US85/01161, Mayer et al., Biochmvca et Biophysica Acta, 853:161-168 (1986); Hope et al Biochimica et Bio- 
phystcaActa, 8,2:55-65 (1985); Mayhew e. a.., Methods in Enzymology, 749:64-77 (1987); Mayhew et al., Biochimica 
s'S'^^a, 755:169^^ 
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Serial No. PCT/US89/05040; and Liposome Technology, Gregoriadis, ed., Vol. I, pp. 29-31, 51-67 and 79-108 (CRC 
Press inc., Boca Raton, FL 1 984), the disc.osures of each of which are hereby incorporated by reference herein irS 

s Kin J? C ° nneC,i0n " ith . carrier materia,s - and especially lipid compositions in the form of vesicles, it may be 

SS^lS^^rTT 8 at a ,emperature below the 961 ,0 liquid crys,a,,ine phase ,ransition ' em 

«.!,Jr a , 1 P i 1, P S ' tl0n tem P era,ure is ,he temperature at which a lipid bilayer will convert from a gel 

state to a hqurd crystalline state. See, for example, Chapman et al., J. Bio,. Chem.. 249:2512-2521 (1974) the disdo 
sure of which ,s hereby incorporated by reference herein in its entirety. It is generally believed that vesicles which are 

» ^ S POSS6SS 961 Sta,e t0 ' iqUid CryS,alline Sta,e P hase * ansifon «emperatuSend to ha e 

ZTZt P P ? r Taat " 3 ^ 9,Ven ,em P era,ure - See Derek Marsh, CRC Handbook of Lipid Bilayers (CRC Press 
?' M <0r main Chain me ' ,in9 ,ransi,i0ns 0f sa,urated diacyl-sn-g.ycero-3-ihosphocho.nel' 
IILh th . ql !l CryS,a "' ne St3,e PhaSe ,ranSi,i0n tem P er atures of various lipids will be readily apparent to those 

984? Thl , r 3 .'I! "r^' '° r eXamP ' e ' in Gre9 ° riadiS ' * < U P° SOme ^bnology. Vol. 1 1 18 (CRC Press 
1984). The following table hs.s some of the representative lipids and their phase transition tempera ures 



TABLE 2 
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Saturated Diacyl-sn-Glycero-3-Phospho- 
cholines: Main Chain Melting Transition Temper- 
atures 


Number of Carbons in 
Acyl Chains 


Main Phase Transition 
Temperature (° C) 


1,2-(12:0) 


-1.0 


1,2-(13:0) 


13.7 


1,2-(14:0) 


23.5 


1,2-(15:0) 


34.5 


1,2-(16:0) 


41.4 


1,2-(17:0) 


48.2 


1,2-08:0) 


55.1 


1,2-09:0) 


61.8 


1,2-(20:0) 


64.5 


1,2-(21:0) 


71.1 


1 ,2-(22:0) 


74.0 


1,2-(23:0) 


79.5 


1,2-(24:0) 


80.1 



[0265] See, for examp.e, Derek Marsh, CRC Handbook of Lipid Bilayers, p. 139 (CRC Press, Boca Raton, FL 
E if dSS' r teria ' S ' SUCh 33 ' ipidS ' C ° mpriSin9 3 933 Can be pre ? ared b * a 9 ita «"9 an aqueous solution con- 

composition, including vesic.e compositions, and particularly vesicle compositions comprising gas !ZS£. X2 

to S Lo S tf lin H 9 k SUCh 35 bV V ° r,eXin9 ' Side - ,0 - Sid6 ' ° r UP and d ° Wn mofon - 2" yPe? of m Ss £ 
be combined. Also, the shaking may occur by shaking the container holding the aqueous lipid solution or bv shaln 
he aqueous solution within the container without shaking the container itself ' Y 9 

«cJT! . Sha u k ' n9 may ° CCUr manUa " y ° r by machine - Mechanical shakers that may be used include for examole 

hetfnhV Tj S , a SCien,i ' iC (Cerri,0S ' CA) Shaker ,ab,e ' as we " as any of L ZT^S^cSS 
hereinbefore, with the Capmix (Espe Fabrik Pharmazeutischer Praeparate GMBH & Co Seefeld Ote™ Smlnl 
be,ng preferred. It has been found that certain modes o, shaking overtaxing can ^s^Z^^l 
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preferred size range. Shaking is preferred, and it is preferred that the shaking be carried out using the Espe Capmix 
mechanical shaker. In accordance with this preferred method, it is preferred that a reciprocating motion be utilized to 
generate the lipid compositions, and particularly vesicles. It is even more preferred that the motion be reciprocating in 
the form of an arc. It is contemplated that the rate of reciprocation, as well as the arc thereof, is particularly important 
VT^T" W u h f ° rmati0n °' V8SiCleS - Pre,erab| y. ,he numb er of reciprocations or full cycle oscillations is from 
about 1 000 to about 20,000 per minute. More preferably, the number of reciprocations or oscillations is from about 2500 
to about 8000, with rec.procations or oscillations of from about 3300 to about 5000 being even more preferred Of 
course, the number of oscillations can be dependent upon the mass of the contents being agitated. Generally speakinq 
a larger mass requires fewer oscillations. Another means for producing shaking includes the action of gas emitted under 
nigh velocity or pressure. 

[0268] It will also be understood that preferably, with a larger volume of aqueous solution, the total amount of force 
will be correspondingly increased. Vigorous shaking is defined as at least about 60 shaking motions per minute, and is 
preferred. Vortexmg at about 60 to about 300 revolutions per minute is more preferred. Vortexing at about 300 to about 
1 800 revolutions per minute is even more preferred. 

[0269] In addition to the simple shaking methods described above, more elaborate methods can also be employed 
Such elaborate methods include, for example, liquid crystalline shaking gas instillation processes and vacuum drying 
IZmi a,l0n P rocesses - such as ,h °se described in U.S. Patent Nos. 5,469,854, 5,580,575, 5,585 112 and 
5,542.935 and U.S. Application Serial No. 08/307,305. filed September 16, 1994, the disclosures of each of which are 
.ncorporated herein by reference in their entirety. Emulsion processes may also be employed in the preparation of com- 
positions ,n accordance with the present invention. Such emulsification processes are described, for example, in Quay, 
™t h T k • , '° 94 '. 5,558,853> 5 ' 558 ' 854 ' and 5 ' 573 ' 751 ' the ^closures of each of which are hereby inco* 
. in " 1 Y 1 06 ,h6ir entire,y ' Spray drying may be also emp,oved ,0 P re P are tha Saseous precursor filled 
vesicles. Unhang this procedure, the lipids may be pre-mixed in an aqueous environment and then spray dried to pro- 
duce gaseous precursor filled vesicles. The vesicles may be stored under a headspace of a desired gas. Although any 
of a number of varymg techniques can be used, the vesicle compositions employed in the present invention are prefer- 
ably prepared using a shaking technique. Preferably, the shaking technique involves agitation with a mechanical shak- 
ing apparatus, such as an Espe Capmix (Seefeld, Oberay, Germany), using, for example, the techniques disclosed in 
UL& application . Sena No. 60,232. filed November 30, 1 993, the disclosures of which are hereby incorporated herein 
by reference ,n its entirety. In add.tion, after extrusion and sterilization procedures, which are discussed in detail below 
** n ° r Sh t a h k ' n9 may provide vesicle compositions which can contain substantially no or minimal residual anhydrous 
lipid phase ,n the remainder of the solution. (Bangham, et al, J. Mol. Biol. 73:238-252 (1965)). Other preparatory tech- 
niques include those described in Unger, U.S. Patent No. 5,205,290, the disclosure of which is hereby incorpo ated 
herein by reference in its entirety. 

[0270] Foams exemplify an additional embodiment of the invention. Foams have biomedical applications, for exam- 
ple ^ 0< dfU9S ' tiSSUe au 9 men,ati0 ". »™« healing, and prevention of peritoneal adhesions 
wJh ^21 h f ^ L V ? 6 Creat6d by inCreaSin9 ,he concentration of the phospholipids as well as by mixing 
with ^materials such as cetyl alcohol, surfactants, simethicone or polymers, such as methylcellulose. Fluorinated phos 
phofcpids may also be used to create stable, long-lasting foams. The most stable foams are genera^ nr«wJf mm 
rSipI? P° lyrnenzad or cross-linked, such as polymerizable phospholipids. Since foaming is also a function 
of surface tension reduction, detergents are generally useful foaming agents 

[0271] Foams may also be produced by shaking gas filled vesicles, wherein the foam appears on the top of the 

ITZ^T f , ^ f r h ma ( ,i0n iS 9enera " y aSS0Cia,6d Wi,h 3 decrease in the volume o! the aqueous solution 
Preferably, the final volume of the foam is at least about two times the initial volume of the aqueous stabilizing material 
so u , on; more preferably, the final volume of the foam is a. least about three times the initial volume of Se aqueous 

o u on" TT' V ° IUme °' tHe <0am iS at ,eaSt ab ° Ut '° ur ,imes < he «- volume of the ZZs 

solution, and most preferably, all of the aqueous stabilizing material solution is converted to foam 

ole about 10 ^n ire H dl T a,i0n 0< l ak 7 may bS de,ermined bv da, ection of the formation of foam. For exam- 
ple, about 0 mL of lipid solution ,n a 50 mL centrifuge tube may be vortexed for approximately 15 to 20 minutes or until 

irdTthi^ ,im e Te , ; ,led ,iposo,Ties b r omes su,,icientiy ,hick s ° ,hat " n ° ^ * ^ *2 a « 

tTabout 35 ml ^ * he 938 ,Hled ,ip ° S ° meS t0 raise ,0 a level ° f abou < 30 

[0273] The concentration of lipid required to form a preferred foam level will vary depending upon the type of lipid 
used and may be readily determined by one skilled in the art, in view of the present disclosure F^r exampfe t P S 
ZT^rTeZ:7^ ati0n r 1 • 2 - di P al -^-Pha«idy, C ho,ine (DPPC) used to form gas Sipo ome* 
accord.ng to the methods of the present invent,on is about 20 mg/mL to about 30 mg/mL saline solution The concen 

ire^o,u;sr roylphospha,idylcho,ine (DSPc) used in pre,erred embodiments is ^ 5 t"? 0 ;s 

[0274] Specifically, DPPC in a concentration of about 20 mg/mL to about 30 mg/mL, upon shaking, yields a total 
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contains entirely foam. 9 ' V °™ Wh ™ ««**Wy devoid of any liquid suspension volume and 

. ^es^^^:^; e ^^^ ^ 6mU,Si h ° n 0 ' 3 ^ — ^-ture 
may be stabilized by, for example, surfactants detergents or polymers ^ 6 ^ d ' Scussed aDove » th e foam 

SmuJ- 6 a£ Z^Z^Z ^ 3 Variety ° f PrOCedUreS - *>' —P-e, 

extrusion under pressure through Z Si ™,on. homogen.zat.on, repeated freezing and thawing cycles 

» ance with the methods descSEn can an qe Z*E^?*T f " 8d Ms ^ ared -io5 
addition, after extrusion and steri.izafo p3 lit 'X^f ,ha " ab ° ut 1 » m to 0™*er than about 100 m . In 
vesicle compositions which provide ■K^£^SS d " " ° r shakin 9 Prides 

solution. (Bangham, e. al., J. Mo,. Bio, , ^^ZTlT^iJ!^ " PW PhaSe in ,he remaind ^ °' the 
used as they are formed, without any attempi aUur.he SJ!,£f Si T'^ * the preSent inven,ion 
>5 icles preferably have diameters of less than about ao ^nH ? ^ there0f " F ° r in,ravas ™'ar use, the ves- 

intravascular use including, for exampTe, b nding to ZZZtTZ ^ ^ ^ *°" 1 2 ^ F ° r 
icant.y smaller, for example, less than about 1 00 ^S^^2S!TT^ ** be Si9ni< - 

s.gnificantly larger, for example, up to a millimeter" size PrSemhLTh gastrointestinal use, the vesicles can be 
about 2 urn to about 1 00 M m. Preferably, the ves.cles are sized to have diameters of from 

20 SontroM^ 

filters, for example, a 1 0 ,m filter followed by an 8 m^SSSJu S3 T Se ' 0f 

s.ze distribution around 7 to 9 »m After filtration tZ« ®1 n. L f Cl6S Ca " be Selected t0 have a ™V narrow 
[0278, The sizing or filtration s^j£££K ZTeT 7 ™ ^ ^ 24 h ° U ' S 

» position is removed from a sterile vial prior to u« or If * , ' ° f 6Xample ' ° f a ,il,er assemb| y ^en the corn- 
syringe during use. The method of s! iS » iTslle Z llT^lT be inCOrp0rated into a 
one filter, and a needle; and will be carried out byTn Z -ZT* k f'" 9 * com P risin 9 a barrel, at least 
barre. through the filter fitted to the syringe Z^^^^^f"?™ BMn9 * e ™ C>eS Uom the 
are administered to a patient. The extractio sfeTma also co ^ d ' he ri needle -« he ^ sizing the vesicles before they 
30 filter will function in the same way to size the Ss uoSentmno !T 9 *° V6SiCleS in '° the Syrin 9 e - ^ 
a syringe with vesicles which have already ^^TJ^T ** A "° ,her al,erna,ive <° «» such 
ensure that only vesicles within the desirj ^size range vo^-ZT™' WhiCh C<JSe the fi " er now ,unctio ^ *> 
by extrusion from the syringe. 0 ' °' ,he deS ' red maximum size . are subsequently administered 

- Sed C^!^ r be heat steri.ized or filter steri.ized and 

toed, and vesicle compositions comprising gasl pre™ t»TT ™ ^V'™ 9 3 " S may be heat ster " 
formed, they may be filtered for sizing as describS above Z£ " % S,eri "' Zed - ° nCe gas filled ves 'Ces are 
gaseous precursor filled vesicles P Jide sS'S ST^^KC^ ° f ^ ««^ 

a patient. For example, a mixing vessel such as a vial or vJri nt ^iZZ'H"7u"l " so, ° ,co ,eau >' 101 auininistration to 
composition may be steri.ized within the mixing leslTioTZll i , ^ * ^ " P ' d corn P°^ion, and the 
position to form gas filled vesicles by ^ ^ ^ '' M im ° ,he COm " 

pos,t,oned such that the gas filled vesicles pass through 'the fi£ ^ ^\ !• 8 V6SSe ' iS ^"'^ wi,h a ,ilter 
• [0280] The step of extruding the solution of 7^ 6 contac,,n g a Patient, 

materia, by breaking up any ^^^S^S!^ 7" TTT ** ^ °' 
a pore size of about 0.1 to about 5 .m, more preferably ioS 0 T ateu.7 hydra,i ° n ' Preferab,y ' ,he ,i,,er has 
about 2 ^m, and still more preferably, about 1 m Unhydrated comnonnH t-T ^ ^ about 01 t0 

amorphous clumps of non-uniform size Unn V d rated compound, wh,ch is generally undesirable, appears as 

Sg JSK z :™£T^o%^ZZ£ T? administered t0 a pa,ient for di « c 

by heat sterilization, preferably, by autoc.aving , the soluSn a^ » ,7 e "; bod,men,s ' a«arilization may be accomplished 
ably, by autoclaving a. about iWc to about 130^C eten nire trTT*? * ^ ^ 100 ° C ' and more P"**- 
erably, about 120°C to about 130°C and even nw'r TZ^rZ P I V ' ab ° Ut 1 1 °° C ,0 about 130 ° C ' s,i " ™re pref- 
abou, , minute, more preferably, about ? JSS "nSSS SjS? 30 ^ Ef - " 1 '* 1 hea,ing ° CCurs at '-s. 
still more preferably, about 15 minutes ' "™ m ° re P refera bly, about 10 to about 20minutes. and 

SuserS^ 

[0283] in addition to the aforementionTd embS'pn, 9 ' 6Xp0SUre t0 9 amma ra diation. 
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example a liquid including a liquid entrapped in a vesicle, to a gas, expanding to create the qas tilled vesicles 
described herein. This technique is described in detail, for example, in U.S. Paten. Nos 5 585 112 and 5 542 935 Z 
disclosures of which are hereby incorporated herein by reference in their entirety. ' ' 35 ' * e 

S v T ! 1e Preferred me ' h0d ° f 3Ctiva,ing ,he 9aseous P recursor is b V Wure to elevated temperature Activation 
wh ,e H ? eratUre ' and Hke ,erms ' refer 10 the °° ilin 9 Point of the gaseous precursor and SSempSe at 
which the liquid to gaseous phase transition of the gaseous precursor takes place. Useful gaseous ot^raS S t£! 
ma enals which have boiling points in the range of about -1 OO'C to about 70'C. The part cular 
or ™r° US Pre ° UrSOr h An ac,iva,ion temperature of about 37»C, or about human body tenure is prefer Jd 
for gaseous precursors ,n the context of the present invention. Thus, in preferred form, a liquid ZTusor^Zt 

conducted at the boiling point of the gaseous precursor, such that a gas is toon^St^ZS^S 

1 StoTowSjZrr^ *"? HqUid Pr ~ may 06 e ™ lsi « ed -in a «iz 

precursor HtauSS, fh ^ 7 ^ ^ *° 06 depreSSed USin9 S0,vents in *l* media to utilize a 

n [TIT h T .u 6 ' thS meth0ds may De Permed where the temperature is increased throuohout the 

ro™ r " 6 Pr ° CeSS S,3rtS With 3 9ase0US precursor as a *>" ends with a gas 9 
pon L*eriro e ,he aS D !Z» P n r r UrSOr , may S ° 38 10 ,0rm ,he 9as m *» in the targeted tissue or fluid, in vivo 

Ei a! S ' CleS Up ° n attainin9 the 9aseous sta,e may be determined. 

PV = nRT 

where: P is pressure in atmospheres (atm); V is volume in liters (L); n is moles o, gas; T is temperature in degrees Kel- 
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vin (K); and R is the ideal gas constant (22.4 L-atm/K-mole). 

[0292] With knowledge of volume, density, and temperature of the liquid in the mixture of liquids, the amount, for 
example, in moles, and volume of liquid precursor may be calculated which, when converted to a gas, will expand into 
a vesicle of known volume. The calculated volume will reflect an upper limit to the size of the gas filled vesicle, assuming 
5 instantaneous expansion into a gas filled vesicle and negligible diffusion of the gas over the time of the expansion. 
[0293] Thus, for stabilization of the precursor in the liquid state in a mixture wherein the precursor droplet is spher- 
ical, the volume of the precursor droplet may be determined by the equation: Volume (spherical vesicle) = 4/3 nr 3 , where 
r is the radius of the sphere. 

[0294] Once the volume is predicted, and knowing the density of the liquid at the desired temperature, the amount 
w of liquid gaseous precursor in the droplet may be determined. In more descriptive terms, the following can be applied: 

V gas =4/3n(r gas ) 3 

by the ideal gas law, 

15 

PV=nRT 



substituting reveals, 

20 V =nRT/P 

v gas " m/r gas 



25 



n = 4/3[7ir gas 3 ]P/RT (A ) 



amount n = 4/3 [nr gas 3 P/RT] • MW n 
Converting back to a liquid volume 



V |iq = [4/3 [7tr gas 3 ] P/RT]- MW n /D] (B ) 

where D is the density of the precursor. 
Solving for the diameter of the liquid droplet, 



35 



diameter/2 = [3/4ti [4/3 • [nr gas J ] P/RT] Mw n /D] 1/3 (Q 
which reduces to Diameter = 2[[r gas 3 ] P/RT [MW n /D]] 1/3 . 

[0295] As a further means of preparing vesicles of the desired size for use in the methods of the present invention, 
and with a knowledge of the volume and especially the radius of the liquid droplets, one can use appropriately sized 
filters to size the gaseous precursor droplets to the appropriate diameter sphere. 

[0296] A representative gaseous precursor may be used to form a vesicle of defined size, for example, 1 0 urn diam- 
eter. In this example, the vesicle is formed in the bloodstream of a human being, thus the typical temperature would be 
37°C or 310 K. At a pressure of 1 atmosphere and using the equation in (A), 7.54 x 10' 17 moles of gaseous precursor 
would be required to fill the volume of a 10 urn diameter vesicle. 

[0297] Using the above calculated amount of gaseous precursor and 1 -fluorobutane, which possesses a molecular 
weight of 76.1 1 , a boiling point of 32.5°C and a density of 0.7789 g/mL at 20°C, further calculations predict that 5.74 x 
10- grams of this precursor would be required for a 10 \im vesicle. Extrapolating further, and with the knowledge of 
the density, equation (B) further predicts that 8.47 x 10' 16 mL of liquid precursor is necessary to form a vesicle with an 
upper limit of 10 pirn. 

[0298] Finally, using equation (C), a mixture, for example, an emulsion containing droplets with a radius of 0.0272 
urn or a corresponding diameter of 0.0544 urn, is formed to make a gaseous precursor filled vesicle with an upper limit 
of a 1 0 ^im vesicle. 

[0299] An emulsion of this particular size could be easily achieved by the use of an appropriately sized filter. In addi- 
tion, as seen by the size of the filter necessary to form gaseous precursor droplets of defined size, the size of the filter 
would also suffice to remove any possible bacterial contaminants and, hence, can be used as a sterile filtration as well. 
[0300] This embodiment for preparing gas filled vesicles may be applied to all gaseous precursors activated by tem- 
perature. In fact, depression of the freezing point of the solvent system allows the use of gaseous precursors which 
would undergo liquid-to-gas phase transitions at temperatures below 0°C. The solvent system can be selected to pro- 
vide a medium for suspension of the gaseous precursor. For example, 20% propylene glycol miscible in buffered saline 
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exhibits a freezing point depression well below the freezing point of water alone. By increasing the amount of propylene 
glycol or adding materials such as sodium chloride, the freezing point can be depressed even further. 
[0301] The selection of appropriate solvent systems may be determined by physical methods as well. When sub- 
stances, solid or liquid, herein referred to as solutes, are dissolved in a solvent, such as water based buffers, the freez- 
ing point is lowered by an amount that is dependent upon the composition of the solution. Thus, as defined by Wall, one 
can express the freezing point depression of the solvent by the following equation: 

Inx a = ln (1 -x b )= AH fus /R(1/T 0 -1/T) 

where x a is the mole fraction of the solvent; x b is the mole fraction of the solute; AH fus is the heat of fusion of the solvent; 
and T 0 is the normal freezing point of the solvent. 

[0302] The normal freezing point of the solvent can be obtained by solving the equation. If x b is small relative to x a , 
then the above equation may be rewritten as: 

x b = AH fus /R[T * T Q /T 0 T] - AH fus AT/RT 0 2 

The above equation assumes the change in temperature AT is small compared to T 2 . This equation can be simplified 
further by expressing the concentration of the solute in terms of molality, m (moles of solute per thousand grams of sol- 
vent). Thus, the equation can be rewritten as follows. 

X b =m/[m+ 1 0007m a ] = m Ma/ 1000 

where Ma is the molecular weight of the solvent. 
[0303] Thus, substituting for the fraction x b : 

AT = [M a RT o 2 /1000AH fus ]m 

or 

AT = K f m, where K f =M a RT 0 2 /1000AH fus 

K f is the molal freezing point and is equal to 1.86 degrees per unit of molal concentration for water at one atmosphere 
pressure. The above equation may be used to accurately determine the molal freezing point of solutions of gaseous- 
precursor filled vesicles. Accordingly, the above equation can be applied to estimate freezing point depressions and to 
determine the appropriate concentrations of liquid or solid solute necessary to depress the solvent freezing tempera- 
ture to an appropriate value. 

[0304] Methods of preparing the temperature activated gaseous precursor filled vesicles include: 

(a) vortexing and/or shaking an aqueous mixture ot gaseous precursor and additional materials as desired, includ- 
ing, for example, carrier materials, thickening agents and/or dispersing agents. Optional variations of this method 
include autoclaving before vortexing or shaking; heating an aqueous mixture of gaseous precursor; venting the 
vessel containing the mixture/suspension; shaking or permitting the gaseous precursor filled vesicle to form spon- 
taneously and cooling down the -suspension of gaseous precursor filled vesicles; and extruding an aqueous sus- 
pension of gaseous precursor through a filter of about 0.22 urn. Alternatively, filtering may be performed during in 
vivo administration of the vesicles such that a filter of about 0.22 urn is employed; 

(b) microemulsification whereby an aqueous mixture of gaseous precursor is emulsified by agitation and heated to 
form, for example, vesicles prior to administration to a patient; 

(c) heating a gaseous precursor in a mixture, with or without agitation, whereby the less dense gaseous precursor 
filled vesicles float to the top of the solution by expanding and displacing other vesicles in the vessel and venting 
the vessel to release air; and 

(d) utilizing in any of the above methods a sealed vessel to hold the aqueous suspension of gaseous precursor and 
maintaining the suspension at a temperature below the phase transition temperature of the gaseous precursor, fol- 
lowed by autoclaving to raise the temperature above the phase transition temperature, optionally with shaking, or 
permitting the gaseous precursor vesicle to form spontaneously, whereby the expanded gaseous precursor m the 
sealed vessel increases the pressure in the vessel, and cooling down the gas filled vesicle suspension, after which 
shaking may also take place. 

[0305] Freeze drying is useful to remove water and organic materials prior to the shaking installation method. Dry- 
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ing installation methods may be used to remove water from vesicles. By pre-entrapping the gaseous precursor in the 
dried vesicles (i.e. prior to drying) after warming, the gaseous precursor may expand to fill the vesicle. Gaseous precur- 
sors can also be used to fill dried vesicles after they have been subjected to vacuum. As the dried vesicles are kept at 
a temperature below their gel state to liquid crystalline temperature, the drying chamber can be slowly filled with the 
gaseous precursor in its gaseous state. For example, perfluorobutane can be used to fill dried vesicles at temperatures 
above 4°C (the boiling point of perfluorobutane). 

[0306] Preferred methods for preparing the temperature activated gaseous precursor filled vesicles comprise shak- 
ing an aqueous solution having a lipid compound in the presence of a gaseous precursor at a temperature below the 
liquid state to gas state phase transition temperature of the gaseous precursor. This is preferably conducted at a tem- 
perature below the gel state to liquid crystalline state phase transition temperature of the lipid. The mixture is then 
heated to a temperature above the liquid state to gas state phase transition temperature of the gaseous precursor which 
causes the precursor to volatilize and expand. Heating is then discontinued, and the temperature of the mixture is then 
allowed to drop below the liquid state to gas state phase transition temperature of the gaseous precursor. Shaking of 
the mixture may take place during the heating step, or subsequently after the mixture is allowed to cool. 
[0307] Other methods for preparing gaseous precursor filled vesicles can involve shaking an aqueous solution of, 
for example, a lipid and a gaseous precursor, and separating the resulting gaseous precursor filled vesicles. 
[0308] Conventional, aqueous-filled liposomes of the prior art are routinely formed at a temperature above the 
phase transition temperature of the lipids used to make them, since they are more flexible and thus useful in biological 
systems in the liquid crystalline state. See, for example, Szoka and Papahadjopoulos, Proc. Natl. Acad. Sci. (1978) 
75:4194-4198. In contrast, the vesicles made according to certain preferred embodiments described herein are gase- 
ous precursor filled, which imparts greater flexibility, since gaseous precursors after gas formation are more compress- 
ible and compliant than an aqueous solution. 

[0309] The methods contemplated by the present invention provide for shaking an aqueous solution comprising a 
lipid, in the presence of a temperature activatable gaseous precursor. Preferably, the shaking is of sufficient force such 
that a foam is formed within a short period of time, such as about 30 minutes, and preferably within about 20 minutes, 
and more preferably, within about 10 minutes. The shaking may involve, for example, microemulsifying, microti u id izing,' 
swirling (such as by vortexing), side-to-side, or up and down motion. In the case of the addition of gaseous precursor 
in the liquid state, sonication may be used in addition to the shaking methods set forth above. Further, different types of 
motion may be combined. Also, the shaking may occur by shaking the container holding the aqueous lipid solution, or 
by shaking the aqueous solution within the container without shaking the container itself. Further, the shaking may 
occur manually or by machine. Mechanical shakers that may be used include, for example, the mechanical shakers 
described hereinbefore, with an Espe Capmix (Seefeld, Oberay Germany) being preferred. Another means for produc- 
ing shaking includes the action of gaseous precursor emitted under high velocity or pressure. Alternatively, the mixture 
may be spray dried, and the agitation may also be conducted in supercooled carbon dioxide at the critical point. 
[0310] According to the methods described herein, a gas, such as air, may also be provided by the local ambient 
atmosphere. The local ambient atmosphere can include the atmosphere within a sealed container, as well as the exter- 
nal environment. Alternatively, for example, a gas may be injected into or otherwise added to the container having the 
aqueous lipid solution or into the aqueous lipid solution itself to provide a gas other than air. Gases that are lighter than 
air are generally added to a sealed container, while gases heavier than air can be added to a sealed or an unsealed 
container. Accordingly, the present invention includes co-entrapment of air and/or other gases along with gaseous pre- 
cursors. 

[031 1] Hence, the gaseous precursor filled vesicles can be used in substantially the same manner as the gas filled 
vesicles described herein, once activated by application to the tissues of a host, where such factors as temperature or 
pH may be used to cause generation of the gas. It is preferred that the gaseous precursors undergo phase transitions 
from liquid to gaseous states at or near the normal body temperature of the host, and are thereby activated, for exam- 
ple, by the in vivo temperature of the host so as to undergo transition to the gaseous phase therein. Alternatively, acti- 
vation prior to intravenous injection may be used, for example, by thermal, mechanical or optical means. This activation 
can occur where, for example, the host tissue is human tissue having a normal temperature of about 37°C and the gas- 
eous precursors undergo phase transitions from liquid to gaseous states near 37°C. 

[0312] In any of the techniques described above for the preparation of lipid-based vesicles, the targeting ligands 
may be incorporated with the lipids before, during or after formation of the vesicles, as would be apparent to one of ordi- 
nary skill in the art, in view of the present disclosure. 

[0313] For example, conjugates of targeting ligands and fluorinated surfactants can be synthesized by variations on 
a theme suggested by the reaction sequence set forth in the present disclosure and according to methods known to 
those skilled in the art, as disclosed, for example, by Quay, et al, European Patent Publication EP 0 727 225 A2, the 
disclosure of which is hereby incorporated herein by reference in its entirety. If the targeting ligand of choice contains a 
fluorinated surfactant, such as ZONYL® FSN-100, the ZONYL® can be heated at reduced pressure to drive off volatile 
components, then the oily residue is reacted with a conjugation linker, the choice of which will ultimately depend on the 
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canteoreoarS ^-2™'* ? IT" tar96,inS li9and and " uorina,ed surfa <^» conjugates 

Eat J XT ZZZSZZr " UG " referS ,0 3 ,ar9e,i " 9 li93nd » d - ibed h -in a'n 9 »R, 



refers to a fluorinated surfactant as described herein 



R(CH 2 CH 2 0) x COCI + LIG-NH 2 -> R(CH 2 CH 2 0) x CONH-LIG 
R(OCH 2 CH 2 ) x COCI + LIG-OH -* R(CH 2 CH 2 0) x C0 2 -LIG 
RCH 2 CH 2 (OCH 2 CH 2 ) x SH + LIG-SH + 0 2 -» RCH 2 CH 2 (OCH 2 CH 2 ) x SS-LIG 

RS0 2 CI + LIG-NH 2 -» RS0 2 NH-LIG 
i-CHO + RCH 2 CH 2 (OCH 2 CH 2 ) x NH 2 + NaCNBH 3 -» RCH 2 CH 2 (OCH 2 CH 2 ) x NH-LIG 
LIG-Br + RCH 2 CH 2 (OCH 2 CH 2 ) x SH -» RCH 2 CH 2 (OCH 2 CH 2 ) x S-LIG 
LIG-Br + RCH 2 + Bu 3 SnH -> RCH 2 CH 2 -LIG 
RCOCI + LIG-NH 2 -» RCONH-UG 



RNCO + LIG-NH 2 -» RNCONH-LIG 
LIG-CHO + RCH 2 CH 2 (OCH 2 CH 2 ) x NH 2 _ RCH 2 CH 2 (OCH 2 CH 2 ) x NH-LIG + RCO -* 
(RCH 2 CH 2 (OCH 2 CH 2 ) x )(R,CO)N-LIG 
It is contemplated that targeting ligands, such as Sialyl Lewis X, can be conjugated with a wide variety of stahlbinn 

mTo 322K fo ; exa T' 9 ' poloxamers ' poly1hylene glycols - acids fa «y mESfZStg 

netting phosphohp-ds, such as phosphatidy, cholines, employing the exemp.ary synthetic methodology ouS 

NHTLertis e p S EG C, VS 'w^jS* ^TJ**™^ be USed ' for """-P*. ^ 

,7 a ftQ-VS, NHS-PEG-MAL, methoxy-PEG-vinylsulfone, PEG-(VS), methoxv-PEG alri pfp t»\n\ 

SSreJST S?Ti5 meth0 ^ PEG - T -- PEG "^es) 2 . methoxy-PEG SkTSS^^SSS 
Si i h ?2 )2 ' mFtG - G, V° Su ' ^PEG-NLe-OSu, methoxy-SPA-PEG, (SPA) 2 -PEG methoxy-SS-PEG <SS\ PEG 
(1™ C °T erCial,y available from Sh — ter Polymers, Inc. (Huntsville, Alabama) VVI^re these^ypes ^ 

■■111 

tanks which are commercially available from Walker Stain «L FnZ™" r /m ? u 4 ' 957 ' 656 ' s,ainless steel 
which are commercial available from mZeZloZ^Zl^ **" ^ ^ ^ 
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[0317] The sonication operation may utilize both a heat exchanger and a flow through sonciating vessel in series 
Heat exhanger equipment of this type may be obtained from ITT Standard (Buffalo, NY). The heat exchTng J maKaS 

d e oLnZ ?; atUr V 0r ^ r Ciati ° n Pr0C6SS ' ^ temPeratUre M ™^ *»" ^SStoElS? 
depending on the makeup of the media. The vibration frequency of the sonication equipment may vary over a wide 

3 gaTZ e i o ; 2 r 5 rrr 40 kilohert2 (kHz) - wi,h a majori,y °* the 

operating at about 10 or 20 kHz. Suitable sonicating equipment include, for example, a Sonics & Materials Vibra-Cell 

2T£2.' aWiPPed S ° n J Cat0r h0m ' COmmerCia " y aVai ' able ,r ° m S ° niCS & Materials nMDlnb y The 
power app ed to the son.ca.or horn can be varied over power settings scaled from 1 to 1 0 by the manufacturer as with 
Somes & Materials Vibra-Cell Model VL1500. An intermediate power setting, for example, torn ™ ca b useTlt 
,s preferred that he v,bra.ional frequency and the power supplied be sufficein, to produce cavi.afon in the liquid belnq 
sonicated. Feed flow rates may range from about 50 mLVmin to about 1000 mUmin. and all combine. ions and suS 
b nations of ranges therein. Residence times in .he sonication vessel can range from about 1 secono toSSTS! 

or 5 h to 25 /» of the feed flow rate, and all combinations and subcombinations of ranges therein 

[0318] It may be preferable to carry out the sonication in such a manner to produce foaming and especially intense 

SeTht S H 0lU,iO H' Genera " y SPeakin9> imenSe foamin9 and aeraS0latin 9 « iSSKSS 
£12^2 H n , h a C ° ncen,ra,ion and stabili «V- T ° P« foaming, the power input to .he sonica.or hom may be 
increased, and the process may be operated under mild pressure, for example, about 1 to about 5 osi Foamim™! 
be easNy detected by the cloudy appearance of the so.ution, and by .he foarr .produced 9 * 

ST- .h SUIt f b ' e me,h ° dS f ° r lhe prepara,ion of Protein-based vesicles may also involve physically or chemically 
altering the protein or protein derivative in aqueous so.ution to denature or fix the material. For example phased 

iSST- prepared ST a 5% aqueous so,u,ion of HSA by hea,ing after ,orma,ion ° r ^'SCS 

Sir , ?h 1 Chem ' Cal a " erati0n may inV0 ' Ve Chemica,, y denaturin 9 ° r «™g by binding the protein wS a 
difunctional I aldehyde, such as gluteraldehyde. For example, the vesicles may be reacted with 0 25 grains o 50% Sue 

^ 9ram ° f Pr ° tein " PH 4 5 f ° r 6 h0UrS ' 1,16 — »ed y glu,era W ehyde 

SL thP.Z 0 ! th , 6 teC , hniqUe ! 1 described above ,or th ^ Preparation of protein-based stabilizing materials and/or 
vesicles, the targeting hgands may be .ncorporated with the proteins before, during or after formation of the vesteles as 
would be apparent to one of ordinary skill in the art, based on the present disclosure ' 
™ V ! S k ' e C °" 1 , p0si,ions which com P ri ^ vesicles formulated from polymers may be prepared by various proc- 
esses, as will be readily apparent to those skilled in the art in view of the present disclosure. Exemp^^i^ 
include for example mterfacial polymerization, phase separation and coacervation, multiorifice cenZga prepar^on 
and solvent evaporation Suitable procedures which may be employed or modified in accordance with me p esent iis 

r « PreP3re VeSIC,eS ,r ° m P0lymers include ,hose Procedures disclosed in U S Paten 4 ^9 546 

3,945,956, 4,108,806, 3,293,114, 3,401,475, 3.479,811, 3,488,714, 3 615 972 4 549 892 4 540 6^' Al ATo 

Patent 1 0 8 4 9 4 8 So' ^ ^ ^5,1* ^^K^SS^bS 

im ,n li . y ' Mlcroenca P su l a "°" and Related Drug Processes, Vol. 20, Chs 9 and 10 do 195 240 

Chann ^ ' ' nc -. N-Y., 1 984), Chang et al., Canadian J. of Physiology and Pharmacology, 44^5^0^^^ 

U6 - 524 ' 525 <1 964> ' ^ diSC ' 0SUreS °' SaCh °' WhiCh are hereb V ^rporated JL™S££ 

™ ' n aCC ° rdance with a pre,erred s ^ sis Protocol, the vesicles may be prepared using a heat expansion 
process, such as, for example, the process described in U.S. Patent Nos 4 179 546 3 945 q^R and 1 ?n« «™ n . . 

carded out h ° 44 ' 68 °' "** ™*° K °'° 62 ^ ^«^^Z^^5JS 

earned out by preparing ves,cles of an expandable polymer or copolymer which may contain i n their ^d (cavftvTa vo^ 
atile l,qu,d (gaseous precursor). The vesicle may then be heated, plas.icising the vesicle and £nveZ lelSife to 

the Iberia T"? ^ '° '° Up ,0 about several ,imes size. vZ TZl isTemovS" 

he he moplas c polymer may retain at least some of its expanded shape. Vesicles produced by this process aS 

: Tea^TtoTZ? and " thUS Pre,erred ' ,0re9 ° in9 d6SCribed P - eSS is we" known in he a" nd 
^ 6 D red t0 as the heat ex P ar, s'on process for preparing low density vesicles 

SL T y T S USe,U ' in the h6at expansion Process will be readily apparent to those skilled in the art and include 
Z! M P h ym r S ° r COp0lymers ' includi "9 Powers or copolymers of many of the monomers descrited 2? 
Preferabe of the polymers and copolymers described above include the following copolymers %SE^ 
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trimethylisopropyl silane, and trimethyl n-propyl silane; as well as perfluorocarbons, including the perfluorocarbons 
described above. In general, it is important that the volatile liquid not be a solvent for the polymer or copolymer being 
ub hzed. It .s also preferred that the volatile liquid have a boiling point that is below the softening point of the involved 
polymer or copolymer. Boiling points of various volatile liquids and softening points of various polymers and copolymers 
will be readily ascertainable to one skilled in the art, and suitable combinations of polymers or copolymers and volatile 
liquids will be easily apparent to the skilled artisan. By way of guidance, and as one skilled in the art would recognize 
generally as the length of the carbon chain of the volatile liquid increases, the boiling point of that liquid increases also' 
Also, rnHdly preheating the vesicles in water in the presence of hydrogen peroxide prior to definitive heating and expan- 
sion may pre-soften the vesicle to allow expansion to occur more readily. 

[0325] For example, to produce vesicles from synthetic polymers, vinylidene and acrylonitrile may be copolymer- 
■zee I in i a medium of .sobutane liquid using one or more of the foregoing modified or unmodified literature procedures 
such that isobutane becomes entrapped within the vesicles. When such vesicles are then heated to a temperature of 
rom about 80°C to about 120°C, the isobutane gas expands, which in turn expands the vesicles. After heat is removed 
the expanded polyvinylidene and acrylonitrile copolymer vesicles remain substantially fixed in their expanded position' 
The resulting low density vesicles are extremely stable both dry and suspended in an aqueous media. Isobutane is uti- 
lized herein merely as an illustrative liquid, with the understanding that other liquids which undergo liquid/gas transitions 
at temperatures useful for the synthesis of these vesicles and formation of the very low density vesicles upon heating 
can be substituted for isobutane. Similarly, monomers other than vinylidene and acrylonitrile may be employed in pre 
paring the vesicles. K 

[0326] In certain preferred embodiments, the vesicles which are formulated from synthetic polymers and which may 
be employed in the methods of the present invention are commercially available from Expancel, Nobel Industries 
(Sundsvall, Sweden), including EXPANCEL 551 DE~ microspheres. The EXPANCEL 551 DE™ microspheres are com- 
posed of a copolymer of vinylidene and acrylonitrile which have encapsulated therein isobutane liquid Such micro- 
spheres are sold as a dry composition and are approximately 50 microns in size. The EXPANCEL 551 DE™ 
microspheres have a specific gravity of only 0.02 to 0.05, which is between one-fiftieth and one-twentieth the density of 

[0327] In any of the techniques described above for the preparation of polymer-based vesicles, the targeting liq- 
ands may be incorporated with the polymers before, during or after formation of the vesicles, as would be apparent to 
one of ordinary skill in the art, based on the present disclosure. 

[0328] As those skilled in the art will recognize, any of the vesicle compositions may be lyophilized for storage, and 
reconstrtuted or rehydrated, for example, with an aqueous medium (such as sterile water, phosphate buffered solution 
or aqueous sahne solution), with the aid of vigorous agitation. Lyophilized preparations generally have the advantage 
of greater shelf hfe. To prevent agglutination or fusion of the lipids and/or vesicles as a result of lyophilization it may be 
useful to include additives which prevent such fusion or agglutination from occurring. Additives which may be useful 
r P FriT !™T Ch '° ride ' 9 ' UCOSe ' deXtr0Se ' trehal0Se ' Po'vvinyl-pyrrolidone and polyethylene glycol) 

oefa USP XxTnp ™. ^ ™ d8BC * ed in ,he ,i,erature ' such as in 'he U.S Pharmaco- 

SLntX S k Jo ftates Pharmacopeia, The National Formulary, United States Pharmacopeia! 
Convention no, 12601 Twmbrook Parkway, Rockville, MD 20852, the disclosures of which are hereby incorporated 
herein by reference in their entirety. ^ 

E 91 . r H The <? ncan,ra,i ° n of lipid rec < uired 10 form a desired stabilized vesicle level will vary depending upon the 

e co SImSo Ti pT i 6 r ^ determined bV r ° U,ine e *P eri ™«a.ion. ** sample, in preferred embodiments, 
the concentration of 1 ,2-d,palm,.oylphosphatidylcholine (DPPC) used to form stabilized vesicles according to the meth - 

nSmL »o e r,? t e pn 'TT, * f 01 " ?' 1 ^ * M 30 ^ °' Saline Solu,ion ' more *™ about 0.5 

Sin T ^ ° S f ne S ° IU,i0r1, 3nd 6Ven m ° re pre,erably ,rom abou ' 1 m 9 /mL ,0 al >°ut 1 0 mg/mL of saline 
rnnST,' h 6 ™T /T, 0 ' ^^'P^Phatidylcholine (DSPC) used in preferred embodiments is about 0 1 
mg/mL to abou. 30 mg/mL of sahne solution, more preferably from about 0.5 mg/mL to about 20 mg/mL of saline solu- 
tion, and even more preferably from about 1 mg/mL to about 10 mg/mL of saline solution. The amount of composition 
when ,s administered to a patient can vary. Typically, the intravenous dose may be less than about 10 mL for a 70 Kg 
patient, with lower doses being preferred. a 

SLmn^Sfr 6 ? 0 H men ' °' PreParin9 3 tarQe,ed thera P eutic vesicle composition comprises combining at least 
' P ,' d and l gaSe ° US PreCUrS ° r: a9itatin9 Un,il 938 ,illed vesicles are ,ormed : adding a targeting ligand 
bold Zl f , t VeSIC,e ( S , S ^ h , ,hat ,he tar96,in9 ' i9and binds t0 ,he 9 as ,illed ^ by a covalent bond or non-covalent 

Sinn Tl TV* , 6 7 V C ' e C ° mpriSin9 938 ,iHed VesideS and a ,ar9etin9 li9and result - Ra «ber than agi- 
fating until gas filled vesicles are formed before adding the targeting ligand, the gaseous precursor may remain a gas- 
eous precursor until the tone of use. That is, the gaseous precursor is used to prepare the delivery vehicle and the 
precursor is activated in vivo, by temperature for example. 

En* h AI,erna,ive ', y ' a r " ethod of P re P arin 9 ,a '9eted therapeutic vesicle compositions may comprise combining at 
leas, one biocompatible lipid and a targeting ligand such that the targeting ligand binds to the lipid by a covalent Sond 
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or non-covalent bond, adding a gaseous precursor and agitating until a delivery vehicle comprising gas-filled vesicles 
and a targeting ligand result. In addition, the gaseous precursor may be added and remain a gaseous precursor until 
the time of use. That is, the gaseous precursor may be used to prepare the delivery vehicle having gaseous precursor 
filled vesicles and a targeting ligand which result for use in vivo. 

[0332] Alternatively, the gaseous precursors may be utilized to create stable gas filled vesicles with targeting lig- 
ands which are pre-formed prior to use. In this embodiment, the gaseous precursor and targeting ligand may be added 
to a container housing a suspending and/or stabilizing medium at a temperature below the liquid-gaseous phase tran- 
sition temperature of the respective gaseous precursor. As the temperature is then increased, and an emulsion is 
formed between the gaseous precursor and liquid solution, the gaseous precursor undergoes transition from the liquid 
to the gaseous state. As a result of this heating and gas formation, the gas displaces the air in the head space above 
the liquid suspension so as to form gas filled lipid spheres which entrap the gas of the gaseous precursor, ambient gas 
for example, air, or coentrap gas state gaseous precursor and ambient air. This phase transition can be used for optimal 
mixing and stabilization of the delivery vehicle. For example, the gaseous precursor, perfluorobutane, can be entrapped 
in the biocompatible lipid or other stabilizing compound, and as the temperature is raised, beyond 4°C (boiling point of 
perfluorobutane) carrier material entrapped fluorobutane gas results. As an additional example, the gaseous precursor 
fluorobutane, can be suspended in an aqueous suspension containing emulsifying and carrier materials, such as glyc- 
erol or propylene glycol and vortexed on a commercial vortexer. Vortexing may be commenced at a temperature low 
enough that the gaseous precursor is liquid and is continued as the temperature of the sample is raised past the phase 
transition temperature from the liquid to gaseous state. In so doing, the precursor converts to the gaseous state during 
the microemulsification process. In the presence of the appropriate carrier material, surprisingly stable gas filled vesi- 
cles and targeting ligand result. 

[0333] Accordingly, the gaseous precursors may be selected to form a gas filled vesicle in vivo or may be designed 
to produce the gas filled vesicle in situ, during the manufacturing process, on storage, or at some time prior to use. 
[0334] According to the methods contemplated by the present invention, the presence of gas, such as and not lim- 
ited to air, may also be provided by the local ambient atmosphere. The local ambient atmosphere may be the atmos- 
phere within a sealed container, or in an unsealed container, may be the external environment. Alternatively, for 
example, a gas may be injected into or otherwise added to the container having the aqueous lipid solution or into the 
aqueous lipid solution itself in order to provide a gas other than air. Gases that are not heavier than air may be added 
to a sealed container while gases heavier than air may be added to a sealed or an unsealed container. Accordingly, the 
present invention includes co-entrapment of air and/or other gases along with gaseous precursors. 
[0335] Hence, the stabilized vesicle precursors described above, can be used in the same manner as the other sta- 
bilized vesicles used in the ptQsent invention, once activated by application to the tissues of a host, where such factors 
as temperature may be used to cause generation of the gas. It is preferred that this embodiment is one wherein the gas- 
eous precursors undergo phase transitions from liquid to gaseous states at or near the normal body temperature of said 
host, and are thereby activated by the temperature of said host tissues so as to undergo transition to the gaseous phase 
therein. More preferably still, this method is one wherein the host tissue is human tissue having a normal temperature 
of about 37°C, and wherein the gaseous precursors undergo phase transitions from liquid to gaseous states near 37°C. 
[0336] All of the above embodiments involving preparations of the stabilized gas filled vesicles used in the present 
invention, may be sterilized by auiociave or sterile f iitration if these processes are performed before eitner the gas instil- 
lation step or prior to temperature mediated gas conversion of the temperature sensitive gaseous precursors within the 
suspension. Alternatively, one or more anti-bactericidal agents and/or preservatives may be included in the formulation 
of the compositions including, for example, sodium benzoate, ail quaternary ammonium salts, sodium azide, methyl 
paraben, propyl paraben, sorbic acid, ascorbylpalmitate, butylated hydroxyanisole, butylated hydroxytoluene, chlorobu- 
tanol, dehydroacetic acid, ethylenediamine, monothioglycerol, potassium benzoate, potassium metabisulfite, potas- 
sium sorbate, sodium bisulfite, sulfur dioxide, and organic mercurial salts. Such sterilization, which may also be 
achieved by other conventional means, such as by irradiation, will be necessary where the stabilized microspheres are 
used for imaging under invasive circumstances, for example, intravascular^ or intraperitoneal^. The appropriate means 
of ster.hzat.on will be apparent to the artisan instructed by the present description of the stabilized gas filled vesicles 
and their use. The compositions are generally stored as an aqueous suspension but in the case of dried or lyophilized 
vesicles or dried or lyophilized lipidic spheres the compositions may be stored as a dried or lyophilized powder ready to 
be reconstituted or rehydrated prior to use. 

[0337] Ultrasound can be used for both diagnostic and therapeutic purposes. Higher energy ultrasound, for exam- 
ple, ultrasound which is generated by therapeutic ultrasound equipment, is generally capable of causing rupture of the 
vesicle species. In general, devices for therapeutic ultrasound employ from about 10 to about 100% duty cycles 
depending on the area of tissue to be treated with the ultrasound. Areas of the body which are generally characterized 
by larger amounts of muscle mass, for example, backs and thighs, as well as highly vascularized tissues, such as heart 
tissue, may require a larger duty cycle, for example, up to about 100%. 

[0338] In therapeutic ultrasound, continuous wave ultrasound is used to deliver higher energy levels. For the rup- 
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ture of vesicles, continuous wave ultrasound is preferred, although the sound energy may be pulsed also. If pulsed 
sound energy is used, the sound will generally be pulsed in echo train lengths of from about 8 to about 20 or more 
pulses at a time. Preferably, the echo train lengths are about 20 pulses at a time. In addition, the frequency of the sound 
used may vary from about 0.01 to about 1 00 megahertz (MHz). In general, frequency for therapeutic ultrasound prefer- 

5 ably ranges between about 0.75 and about 3 MHz, with from about 1 and about 2 MHz being more preferred. Additional 
preferred ranges include, for example, 10 kHz to 25 MHz, 200 kHz to 500 kHz, and 20 kHz to 20 MHZ. Eenergy levels 
may vary from about 0. 1 Waft (W) per square centimeter (cm 2 ) to about 1 0.0 W/cm 2 . In addition, energy levels may vary 
from about 0.5 Watt (W) per square centimeter (cm 2 ) to about 5.0 W/cm 2 , with energy levels of from about 0.5 to about 
2.5 W/cm 2 being preferred. Additional preferred ranges include, for example, 200 mW/cm 2 to 500 mW/cm 2 , and 100 

ro mW/cm 2 to 200 mW/cm 2 . Energy levels for therapeutic ultrasound involving hyperthermia are generally from about 5 
W/cm 2 to about 50 W/cm 2 . For very small vesicles, for example, vesicles having a diameter of less than about 0.5 urn, 
higher frequencies of sound are generally preferred. This is because smaller vesicles are capable of absorbing sonic 
energy more effectively at higher frequencies of sound. When very high frequencies are used, for example, greater than 
about 10 MHz, the sonic energy will generally penetrate fluids and tissues to a limited depth only. Thus, external appli- 

75 cation of the sonic energy may be suitable for skin and other superficial tissues. However, it is generally necessary for 
deep structures to focus the ultrasonic energy so that it is preferentially directed within a focal zone. Alternatively, the 
ultrasonic energy may be applied via interstitial probes, intravascular ultrasound catheters or endoluminal catheters. 
[0339] A therapeutic ultrasound device may be used which employs two frequencies of ultrasound. The first fre- 
quency may be x, and the second frequency may be 2x. In preferred form, the device would be designed such that the 

20 focal zones of the first and second frequencies converge to a single focal zone. The focal zone of the device may then 
be directed to the targeted compositions, for example, targeted vesicle compositions, within the targeted tissue. This 
ultrasound device may provide second harmonic therapy with simultaneous application of the x and 2x frequencies of 
ultrasound energy. It is contemplated that, in the case of ultrasound involving vesicles, this second harmonic therapy 
may provide improved rupturing of vesicles as compared to ultrasound energy involving a single frequency. Also, it is 

25 contemplated that the preferred frequency range may reside within the fundamental harmonic frequencies of the vesi- 
cles. Lower energy may also be used with this device. An ultrasound device which may be employed in connection with 
the aforementioned second harmonic therapy is described, for example, in Kawabata, K. et al., Ultrasonics 
Sonochemistry, Vol. 3, pp. 1-5 (1996), the disclosures of which are hereby incorporated herein by reference, in their 
entirety. 

30 [0340] The invention is further demonstrated in the following examples. Examples 5 and 6 are actual examples, and 
Examples 1 to 4, 7 to 1 2 and 1 4 are prophetic examples. Example 1 3 is both actual (in part) and prophetic (in part). The 
examples, however, are not intended to in any way limit the scope of the present invention. 

EXAMPLES 

35 

Example 1 

[0341] This example is directed to the preparation of DPGS-PEG-Pro-Lys-Lys-Lys-Arg-Lys-Val (DPGS-PEG- 
PKKKRKV). 

40 

A. Preparation of PKKKRKV on a photolabile resin. 

[0342] 3-Nitro-4-bromometylbenzoylamide polystyrene resin will be prepared as described in Rich, D.H. and Gur- 
wara, S.K., J. Am. Chem. Soc, 97:6, 1575-1579, March 19, 1975, the disclosures of which are hereby incorporated 

45 herein by reference, in their entirety. To this resin will be added Boc-Valine (Bachem, Torrance, CA) (0.6 mmole, 1 
equiv.) with diisopropylethylamine (Mallinckrodt, St. Louis, MO) (0.6 mmole, 1 eq.) in ethyl acetate (Mallinckrodt, St. 
Louis, MO) and refluxing. The remaining protected amino acids will then be coupled using standard coupling method- 
ology. Deprotection of the Boc group will be achieved by exposing the resin to 45 % trifluoroacetic acid (TFA) in anhy- 
drous methylene chloride (v:v) for 2 minutes followed by removal of the acid. A second rinse with 45% TFA/CH 2 CI 2 for 

so 20 minutes will then be performed. The resin will be washed twice with CH 2 CI 2 and neutralized with 2x2 minute addi- 
tions of 10% diisopropylethylamine (DIEA) (Mallinckrodt, St. Louis, MO) in CH 2 CI 2 followed by 2 x 2 minute rinses with 
CH 2 CI 2 . Amino acids will be coupled to the amino terminus of the deprotected Valine residue via the addition of the 
appropriate Boc-amino acid (1.2 mmoles, 2 equiv.) and diisopropylcarbodiimide (DIC) (Aldrich Chemical, Milwaukee, 
Wl) (1.2 mmole, 2 equiv.), hydroxybenzotriazole (HOBT) (Aldrich, Milwaukee, Wl) (1.2 equiv.) and N-methylpyrrolidone 

55 (Mallinckrodt, St. Louis, MO). Coupling will be monitored for completion using the method of Kaiser et al., AnaL 
Biochem., 34, 595, 1 970, the disclosures of which are hereby incorporated herein by reference, in their entirety. Incom- 
plete couplings will require a repeat coupling. After coupling, the resin will be washed with 2x2 minute washes of 
CH 2 CI 2 . The remaining protected amino acids will be coupled in the same manner to provide the PKKKRKV-resin com- 
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plex. 

B. Preparation of t-Boc-a-amino-u-carboxy polyethylene glycol (t-Boc-a-amino-u>-carboxy-PEG). 

[0343] To a solution of dioxane:water (1:1, v:v) will be added a-amino-w-carboxy polyethylene glycol (MW 3350) 
(Shearwater Chemicals, Alabaster, AL), t-butyloxy carbonyloxy anhydride (Aldrich Chemical, Milwaukee, Wl) (1 equiv- 
alent). The reaction mixture will be stirred at room temperature for two days, then concentrated in vacuo. The residue 
win be dissolved ,n ethyl acetate and the organic solution will then be added to a separatory funnel and washed 3 times 
Sl^iri 0, , a ? U f OUS citric acid (Mallinckrodt, St. Louis, MO). The aqueous layer will be removed and 

discarded and the ethyl acetate layer will be dried (MgS0 4 ), filtered and concentrated in vacuo. The resulting t-Boc pro- 
tected product will be stored in the refrigerator and tested for complete protection using the method of Kaiser. The prod- 
uct will then be used for further coupling. 

C. Preparation of t-Boc-a-amino-io-carboxy-PEG-PKKKRKV-resin complex. 

[0344] The deprotected amino acid resin complex prepared in Step A will be coupled with the t-Boc-a-amino-a>-car- 
thfmethodsof Kaiser USi " 9 pr0CedureS - The "Weness of the coupling will be analyzed utilizing 

D. Preparation of DPGS-PEG-PKKKRKV-resin complex. 

[0345] The t-Boc-a-amino-o-carboxy-PEG-PKKKRKV-resin complex from Step C will be deprotected using the 

eTldTh H r n S f ^ k S 1 6P , A - deprotected «-amino- U -carboxy-PEG.PKKKRKV-resin complex will then be 
reacted w^h dipa mitoylphosphoglycerol succinate (Avanti, Alabaster, AL) by the addition of diisopropylcarbodiimide 
(DIC) 2 equiv., Aldrich Chemical, Milwaukee, Wl) and N-methylpyrrolidone (Mallinckrodt, St. Louis, MO). Complete 
ness of reaction will be monitored by the method of Kaiser. 

E. Removal of DPGS-PEG-PKKKRKV from photolabile resin. 

Sed b?RichD S H P «nH P r KKRKV c re ,f Wi " be SUbjeC,6d ,0 Ph ° ,0lysis a < 3500 ^stroms wavelength as 

Ihth a Sw y k ^r 3 ' 3 ' S K - d Chem S0C - 97:6 > '575-1579, March 19, 1975, the disclosures of 

in h h ' nC T ra ? d h6rein bV rS,erenCe ' in th6ir en,ire,y Briefl * ,his wi » M * Pacing a suspension of the 
resm ,n anhydrous methanol or ethanol in a flask surrounded by a jacket containng 40% CuS0 4 solution The sofut on 
will be purged with 0 2 -free nitrogen for 2 hours under slight vacuum, followed by 'radiation a. 3500 Angslomst 1 8 

idfsoTLl^r w S '°H n T ^ W3Shed ,hfee ,im6S for 2 min - Wi,h portions °< Xylene chlo 

1, " r C H hlonde - e,ha " 01 ' and ethano1 - Th a filtrates will be combined and concentrated in vacuo The prod- 
uct will then be purified using standard chromatography methods known in the art. 

Example 2 

[0347] Example 1 will be repeated except that the following procedure will be substituted for Step A. 
A. Preparation of a complex of a polymeric resin and the peptide PKKKRKV. 

[0348] This alternative procedure will involve the use of the fluorenylmethoxycarbonyl (FMOC) protecting group on 
the a-amino moiety of the protected amino acids. In this case, the protected Valine (mW-vJ^^Z xoZ 
resm ut.hz.ng the same method in Example 1, using diisopropy.e.hy.amine (DIEA) and ethyl acetate 5h sTse^ent 
refluxing. Following bmding of the FMOC-Val to the resin, further couplings will be initiated as follows. SUbSeqUent 

i. Deprotection 

252 Th T C M^° C ' Val r6Sin COmP ' eX Wi " be washed 5 x 1 min wi,n dimethylformide DMF or N-methylpyrollidone 

ii. Coupling 

[0350] An appropriate FMOC protected amino acid (2 equiv.) will be added with 2 equiv of DIC or dicyclohexyl, 



car- 
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bodiimide (DCC) hydroxybenzotriazole (2 equiv.) and DMF or NMP. Completeness of the coupling reactions will be 
monitored using the ninhydrin detection method of Kaiser. 

iii. Steps 1 and 2 will be repeated for coupling of additional FMOC-protected amino acids. 

[0351 ] The peptide PKKKRKV requires only the sidechain protection of the lysines. A number of protecting group 
schemes are compatible with the synthetic scheme. For example, Boc-Lys with a fluorenylmethoxycarbonyl (FMOC) 
sidechain protecting group may be used to prevent the reaction of other amino acids, PEG, or the DPGS with the side 
cha,n group. In addition, a Boc-Asp with a p-carboxyfluorenylmethyl (OFm) ester bond may be used to protect the 
2?!!^^ ,0 r ! m ° Val °' ,he DPQ S-PEG-PKKKRKV from the resin, mild conditions as 20% piperidine 
and N-methylpyrolhdone can be initiated to remove both the FMOC group from the lysine. 

[0352] In addition, a number of sidechain protecting groups may be used compatible with FMOC methodoloqv vet 
rT^^r i M^ i0nS u 0r rem ° VaL F ° r eXampl6, ™OC-Asp.(0-Dmab)-OH and FMOC Lys-(Dde)-OH, where 
2T^ M ( H V ( ' ^^^y^-^o^^exylideneVS-methylbutylJaminoJbenzyl ester and Dde is 1-(4 4 dime- 
thyl-2 6-dioxocyclohex-1-ylidene)ethyl, can be used in part B of the synthesis with subsequent cleavage of the 

pfc pTmmJ ? 2% " yd : aZine in NMR DMF ' 0r CH * CI * ,or one hour - After re ™ val °< »e sidechains, the DPGS- 
PEG-PKKKRKV will be washed with 2x2 min. NMP. 

Example 3 

[0353] This example is directed to the preparation of DPGS-PEG-LLIYFNNNVPIDDSGM. 

A. Preparation of a complex of a polymeric resin and the peptide LLIYFINNNVPIDDSGM. 

war! 4 * it 3 - N ; ,ro - 4 ^ romo " 1et y |benz °y | ^We polystyrene resin will be prepared as described in Rich, D.H. and Gur- 
wara, S.K., J. Am. Chem. Soc., 97:6, 1575-1579, March 19, 1975, the disclosures of which are hereby incorporated 
herein by reference, in their entirety. To this resin will be added Boc-Methionine (Bachem, Torrance, CA) (0.6 mmole 1 

LouT' MO LrT7 y (Mal,inckrod, • St - Louis ' MO > <0-e mmole, 1 equiv, in ethyl acetate (Mallinckrodt, St. 

Lou.s, MO) and reflux.ng. The remaming protected amino acids will then be coupled using standard coupling method- 
ology. Depro techon of the Boc-group will be achieved by exposing the resin to 45 % trifluoroacetic acid (TFA) " X 
^,7 0 S ene C tond : V:V) f ° r 2 minU,eS f0llowed b * ™' ° f < ha acid. Then, a second rinse with 45°/" TFM 
S£rt \ T S W , b * periormed - ^ resin wi " tha " be washed with two rinses of CH 2 CI 2 . The resin will be neu- 
rahzed I with 2 x 2 mmute add.t,ons of 10% diisopropylethylamine (DIEA) (Mallinckrodt, St. Louis, MO) in ChUCI, fol- 
ded by 2 x 2 mmute rinses with CH 2 CI 2 . Amino acids will be coupled to the amino terminus ^ the depSc ted 
Methane residue via the addition of 1 .2 mmoles (2 equiv.) of the appropriate Boc-amino acid and 1 2 mmotes of df 0 
propylcarbodnm.de (DIG) (1.2 mmole, 2 equiv., Aldrich Chemical, Milwaukee, Wl), hydroxybenzotriazole ^HOBT 
Aldnch, Milwaukee, W.) (1.2 equiv) and N-methylpyrro.idone (Mallinckrodt, St. Louis, MO) Coupling wi b i monitored 
for completion usmg the method of Kaiser e. al., Ana,. Bioohem., 34, 595, 1 970, the disclosures J? which 
incorporated heron by reference, in their entirety. Incomplete couplings will require a repeat coupJLg After coup ing 

the SmemannT * * * ^ °' CH2C ' 2 - PTO,ected amino acids " S 

B. Preparation of t-Boc-a-amino-w-carboxy polyethylene glycol (t-Boc-a-amino-w-carboxy-PEG). 

Example 1 2^^-^^*^- p EG will be prepared utilizing the same procedure as described in Step B of 

C. Preparation of t-Boc-a-amino-(o-carboxy-PEG-LLIYFNNNVPIDDSGM-resin complex. 

boxfpEG ZltZ °£Tn7 m ° ^1 re ! i T mPleX PrePar6d in Step A Wi " be cou P ,ed with ,he t-Boc-a-amino-co-car- 
^ISSSSH. ' US ' n9 ^ Pr ° CedUreS - The comple,eness ° f tha «upln B will be analyzed utilizing 

D. Preparation of DPGS-PEG-LLIYFNNNVPIDDSGM-resin complex. 

S ho The , "B° c "*'" arn ' no " u) "Carboxy-PEG-LLIYFNNNVPIDDSGM-resin complex from Step C will be deprotected 
using the same procedure as used in Step A. The deprotected a-amino-w-carboxy-PEG-LLIYFNNNVPIDDSGM-^e^n 
complex will then be reacted with dipalmitoylphosphoglycerol succinate (Avanti, Alabaster, AL) by the addSdHso 
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propylcarbodiimide (DIC) (2 equiv., Aldrich Chemical, Milwaukee, Wl) and N-methylpyrrolidone (Mallinckrodt, St. Louis, 
MO). Completeness of reaction will be monitored by the method of Kaiser. 

E. Removal of DPGS-PEG-LLIYFNNNVPIDDSGM from photolabile resin. 

[0358] The DPGS-PEG-LLIYFNNNVPIDDSGM resin complex will be subjected to photolysis at 3500 Angstroms 
wavelength as described by Rich, D.H. and Gurwara, S.K., J. Am. Chem. Soc, 97:6, 1575-1579, March 19, 1975, the 
disclosures of which are hereby incorporated herein by reference, in their entirety. Briefly, this will involve placing a sus- 
pension of the resin in anhydrous methanol or ethanol in a flask surrounded by a jacket containng 40% CuS0 4 solution. 
The solution will be purged with 0 2 -free nitrogen for 2 hours under slight vacuum, followed by irradiation at 3500 Ang- 
stroms for 18 to 24 horus. The suspension will be filtered and washed three times for 2 min. with portions of ethanol 
methylene chloride, 50% methylene chloride-ethanol, and ethanol. The filtrates will be combined and concentrated in 
vacuo. The product will then be purified using standard chromatography methods known in the art. 

Example 4 

[0359] Example 1 will be repeated except that the following procedure will be substituted for Step A. 
A. Preparation of a complex of a polymeric resin and the peptide LLIYFNNNVPIDDSGM. 

[0360] This alternative procedure will involve the use of the fluorenylmethoxycarbonyl (FMOC) protecting group on 
the a-ammo moiety of the protected amino acids. In this case, the protected Methionine (FMOC-Met) will be bound to 
the resin utilizing the same method in Example 1, using diisopropylethylamine (DIEA) and ethyl acetate with subse- 
quent refluxmg. Following binding of the FMOC-Met to the resin, further couplings will be initiated as follows. 

i. Deprotection 

[0361] The FMOC-Met resin complex will be washed 5 x 1 min with dimethylformide DMF or N-methylpyrollidone 
(NMP). The FMOC groups will be removed with 20% piperidine/NMP x 20 min. This will be repeated followed bv a wash 
5 x 1 min with DMF or NMP 

ii. Coupling 

[0362] An appropriate FMOC protected amino acid (2 equiv.) will be added with 2 equiv of DIC or dicyclohexyicar- 
bodnmide (DCC), hydroxybenzotriazole (2 equiv.) and DMF or NMP. Completeness of the coupling reactions will be 
monitored using the ninhydrin detection method of Kaiser. 

iii. Steps 1 and 2 will be repeated for coupling of additional FMOC-protected amino acids. 

[0363] The peptide LLIYFNNNVPIDDSGM requires only the sidechain protection of the lysine and aspartic acid 
residues. If desired, the glutamine residue may also be protected with an O-nitrophenyl group. A number of protecting 
group schemes are compatible with the synthetic scheme. For example, Boc-Lys with an FMOC sidechain protecting 
group may be used to prevent the reaction of other amino acids, PEG, or the DPGS with the side chain group In addi- 
t.on, a Boc-Asp with a p-carboxyfluorenylmethyl (OFm) ester bond may be used to protect the sidechain carboxyl Prior 
to removal of the DPGS-PEG-LLIYFNNNVPIDDSGM from the resin, mild conditions such as 20% pipeline and N- 
methylpyroll.done can be initiated to remove both the FMOC group from the lysine and the OFm group from the aspartic 

[0364] In addition, a number of sidechain protecting groups may be used compatible with FMOC methodology yet 
require only mild conditions for removal. For example, FMOC-Asp-(0-Dmab)-OH and FMOC Lys-(Dde)-OH can be 
mmd preparator y methods wlth subsequent cleavage of the sidechain groups using 2% hydrazine in 

' DMF ' or CH 2CI 2 for one hour. After removal of the sidechains, the DPGS-PEG-LLIYFNNNVPIDDSGM will hp 
washed with 2x2 min. NMP. 

Example 5 

oo^fL J h u 6Xamp,e IS direCted t0 the P re P aratlon of DPPE-MPB-Cys-Arg-Lys-Leu-Gly-Arg-Arg (DPPE-MPB- 
ORKLGRR) which is a conjugate of the lipid DPPE and a nuclear localization sequence (NLS) having the following for- 
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w 



0=9 9=0 
? ? ff 

CHz-CH-CHjO- F^-OfChzyzNH^CHzH 
OH O 



/ S-CYS-ARG-LYS-LEU-GLY-ARG-ARG 



T5 



20 



25 



A. Preparation of DPPE-MPB. 

[0366] DPPE (138.9 mg) and triethylamine (80 mg) were combined in 1:1 chloroform/methanol (15 mL) To the 
resulting mixture was added 4-(p-maleimidophenyl)butyric acid N-hydroxysuccinimide ester in chloroform (15 mL) The 
resulting mixture was stirred for about 30 minutes at 10*C, then overnight at room temperature. The clear solution was 
concentrated in vacuo. The residue was washed with chloroform (2 x 20 mL) and the pH was adjusted to pH 3-4 with 
2 /o Hcl The chloroform layer was washed with water (3x), dried (Na 2 S0 4 ), filtered and concentrated in vacuo Lyophi- 
hzation for 4 hours afforded DPPE-MPB (0.16 g). 

B. Preparation of DPPE-MPB-CRKLGRR. 

[0367] The DPPE-MPB from Step A was coupled to CRKLGRR through the terminal cysteine residue using dicy- 
clonexylcarbodiimide using standard methodology. 

Example 6 



„ THiS eX f.r P ' e iS direCted ,0 ,he transfec,ion of cells with v ^icles containing nuclear localization sequence 

30 within the scope of the present invention. 

hppf 1 MPR^Z^ fr ° m the Cati0PiC lipidS DPEPC:D0PE (^ferred to as "DPDO" in the following table), 

frZlZ t f^^rf. ;V Pl \ 5 ! r6ferred t0 35 " DMCM in the f0l,OWing tab,e > and a s V nthetic npid 

(referred to as SCL" in the following table) having the following formula 



35 



40 



45 




®N-CH3 



C 16 H33 



21- 



Methods for preparing the above SCL cationic lipid are described, for example, in U.S. Patent No 5,830 430 the dis- 
,tT S ° W h 3r ,t her ? bV inCOrporated herein b V rete ™ce, *eir entirety. Vesicle preparation invo.ved dissolving 
the above Ipds ,n ethanol at varying concentrations. 20 mL samples were stirred at room temperature for 30 minutes 

E in Jp^f r S rT mn WS " Plat6S ° f N ' H/3T3 CellS USi "9 30 ^ L ° f '** to 5 M0 of DNA (pcmvCAT) 

nl^ur ,o . T,, 6 S h r- 1" 6 t0ta ' V ° ,Ume °' 6aCh We " WaS 0 2 mL The mix1ures incubated at room tem- 
perature for 45 m,ns followed by plate incubations of 48 hrs at 37°C. Protein expression was measured by CAT ELISA 
55 (Boehnnger Mannheim). The results are shown in Table 3. 
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Table 3 



Example No. 


Composition 


CAT Expression (ng/mL) 


6A 


Control 


2.3 


6B 


DPEPC:DOPE 


2605 


6C 


SCL 


3396.1 


6D 


DMC 


3.1 


6E 


DMC: DOPE (6:1 w/w) 


5.3 


6F 


DMC:DOPE(1:1 w/w) 


0.1 


6G 


DMC:DOPE(1:6w/w) 


5.6 


6H 


DMC (5 %) + DPDO 


2692.8 


61 


DMC(10%) + DPDO 


1802.9 


6J 


DMC (5%) + SCL 


3561.4 


6K 


DMC (10%) + SCL 


3715.1 



[0371] The results tabulated above indicate that improved gene expression may be obtained with vesicles of the 
present .nvention, particularly vesicles which include nuclear localization sequences as well as cationic lipid. 



Example 7 



[0372] This example is directed to the preparation and use of a targeted composition comprising both a nuclear 
localization sequence and and Sialyl Lewis X targeting. 

S T v 6 pr0 ? UC ' ° b, ? in ed in Exam P le 3 (DPGS-PEG-LLIYFNNNVPIDDSGM) will be incorporated into a cationic 
Ipd composrt.on wh,ch further mcludes Sialyl Lewis X conjugated to a lipid carrier. As discussed above, the preparation 
of conjugates of S.alyl Lewis X and lipids is described in EPO 727 225 A2, the disclosures of which are hereby incor- 

™™ T «• ? 7 nCe ' v th6ir en,irely ' ^ P re P ara,ion of this tar 9eted composition may be achieved as follows. 
t 0374] The Sialyl Lewis X conjugate, DPGS-PEG-LLIYFNNNVPIDDSGM, DPEPC and DOPE will be mixed in a 
molar ratio of 1 :1.8:8 in the presence of perfluorohexane (100 ug/mL) with a lipid concentration of 1 mg/mL in an ESPE 
Capmix The perfluorohexane may be employed in concentrations of 10 to 100 plVmL of lipid/conjugate mixture To this 
suspension will then be added a plasmid construct containing the HLA-B7 gene with a CMV promol in a 1 :2 w/w ratio 

m!l^dS^?OTr Pen8i0n ^ a9i,3ted ^ 96netiC ,rans,ec,ion wi " be P ertormed 'he 



Example 8 



WMMVPinnlr M P,e nl Wil ' * eXOepX * P 0 *^™ *«* ^ker will not be employed and the peptide LLIYF- 

NNNVPIDDSGM will be attached directly to DPGS via an anhydride bond. 

Example 9 



E-2 fabTDPGSPEG In^tfJ 0 PreParafi ° n °' N -( 1 - 2 - di P almi '°y | -^-g'ycero-3-succinyl)-PEG-An»i-in,er- 
leuk.n 2 fab (DPGS-PEG-anti-IL-2 fab) and its use ,n methods and compositions of the present invention. 



A. Preparation of DPGS-PEG-anti-IL-2 fab 



SpJ!p?^ (a K th l L " 2) monoc,onal antibod V will be obtained from a commercial source, such as Onco- 
gene Research Products Cambndge, MA. The fab fragment from the anti-IL-2 will be isolated using any of a number 
of protein separate techniques which are well known to those skilled in the art. The fab fragment win be conjugated to 
a lip.d, such as DPPE or DPGS, as described below. conjugated to 

KLh J° 8 C0 ° led (5 , ,010 ° C) ' s,irred solu,ion of hul ™ anti-IL-2 fab in aqueous buffer (20 mL) at a pH of 8 5 will 
be added dropwise a solut,on of S-succinamoyl-oxycarbonyl-polyethy.eneglycol-imino-succinate- 1 ,2-dipa.mitoyl-sn 
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glycerol (DPGS-(o-carboxy-PEG-succinimide) and acetonitrile (10 mL). The DPGS-u-carboxy-PEG-succinimide may 
be prepared utilizing the methods described in copending U.S. application Serial No. 08/851 ,780, filed May 6 1997 the 
disclosures ot which are hereby incorporated herein by reference, in their entirety. The temperature of the resulting mix- 
ture will be equilibrated to room temperature and the reaction mixture will be stirred for about 48 hours. The mixture will 
be concentrated ™o and the residual salts will be dialyzed away using a dialysis bag having a molecular weight 
cutoff of about 3500 equilibrated against water. The resulting dialyzed solution will be frozen and lyophilized to yield 1 2 
mg of the title material (DPGS-PEG-anti-IL-2 fab) as a white solid. 



B. Preparation of Targeted Composition 



[0379] The DPGS-PEG-anti-IL-2 fab from Step A will then be incubated with DPPE-MPB-CRKLGRR from Example 
5 above and a i 40-mer antisense oligonuceotide. The antisense oligonucleotide will be prepared to bind to the noncod- 
mg strand of the tumor necrosis factor (TNF) gene in arthritic synovial tissue cells. The gene sequence of TNF will be 

otidTcfmn^nf T V Wi " be USed t0 9 enerate the '"^tica. sequence of an antisense oligonucle- 

otide complementary to the non-codmg strand. The oligonucleotide will be synthesized according to any of a number of 
mehod we known to thoseskil.ed in the art. The ratio of antisense oligonucleotide to lipid in the incubation mix is op«- 
maHy 1 :5 (w/w) and its activity will be enhanced by incubating in the presence of 10.0 millimolar CaCI 2 . About 1 5 mL 
w £ ZSrr haVi " 9 ' C ° nCentra,i0n °' 1 ^ wi " be ^ "» the knee join, of a patient afflicted 



Example 10 



KLrgeS 8 6XamP,e " dire ° ,ed ,0 0< rheumatoid ar,hritis with riboz y me ,acili 'a«ed by anti IL-2 anti- 

ELh E TT e 7 , Wi " be : epea,ed ^ ,hat ,he nu «=leic acid to be delivered are hammerhead ribozymes. Suita- 
ble procedures for making and us.ng ribozymes is disclosed in U.S. Patent No. 4,987,071 , the disclosures of which are 
hereby incorporated herein by reference, in their entirety. 

SpM. Rib ° ZymeS ' a T ing Se ' eC,ed re9i ° nS 0i mRNA associa 'ed with IL-2 antibody will be chosen to cleave the 
target RNA m a manner which preferably inhibits translation of the RNA. Genes will be selected such that inhibition o" 
ranslation w.H preferably inhibit cell replication, for examp.e, by inhibiting production of a necessary protein 

i 98?071 ?h'ST , ^ inVemi ° n may be ProdUCed by 9 ene transcription as described in U.S. Paten, No 

4 987 071 , the disclosures of which are hereby incorporated herein by reference in their entirety, or by chemical synthe 
«s. Chemical synthesis of RNA is similar to that for DNA synthesis. The additional 2'-OH group in RNA t^T,. 
e any requres an alternative protecting group str^ 

ino the SET? ° d r 9radati ° n in the presence ° f basa - The recently developed method of RNA synthesis u,7z 
Sfymes V V V ^ * *" * iS ,he m0St reliab,e method ^ synthesis of 

5 wi.l ffr 68 ^ Cl6aVed ,r ° m S0 ' id SUPP ° rt !e CPQ )' and ,hfi haR « s ™« riinhn,nhnp R ,p r 

S ™S ^protected ,n a sterile vial by dry ethanolic ammonia (2 mL) at 55°C for 16 hours. The reaction' mixture 
will be cooled on dry ice, transferred into a sterile screw cap vial and lyophilized 

EL T « r6 T e 2 '- t - but y»dimethylsilyl groups from the ribozyme, the residue will be suspended in 1 M t-n-buty- 
lammonium luonde ,n dry THF (TBAF), using a 20 fold excess of the reagent for each silyl group for 1 6 hou/s ambi- 
ent temperature (eg., about 15° to 25°C). The reaction will be quenched by adding an equal volume Tste ile 1M 
tnethy^mme ace,a,e, pH 6.5. The sample wi.. be cooled and concentrated on a 6^*J^VSTul!i 

onT C4 300 ANG^^n S T^" 0, 3 C ° mp,ete ' y rib0Zyme by a treatment ° f 2% trWuoroacetic acid 

S in a The . ,raC,,0n containin 9 ^ozyme will be cooled and lyophilized on a SpeedVac. Solid residue will be dis- 

£2£ T T ° f e,han0 ' and S ° diUm perChl0ra,e wi " be dissolved in a ™^ amount of acetone The 

ribozyme will be collected by centrifugation, washed three times with acetone, and lyophilized 

equence (GgTgVg ? T^T * '° ^ that the rec " uired ,ranscri P«™ 

sequence (GG or GGG or GGGAG) will not bind to some other part of the ribozyme and thus affect reoulation of thP 

transection process. The 5' hairpin wi.l also be useful to protect the ribozyme from 5'-3' exZcleases A seated h^r 

h T 0 ;z;u^iT zym : 9ene r al n be use,ui since 11 ac,s as a transcrip,ion •«*£^ < 2sss 

the ribozyme from 3 -5 exonuclease activity. One example of a known termination signal is that present on the T7 RNA 
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polymerase system. This signal is about 30 nucleotides in length. Other 3' hairpins of shorter length may be used to 
provide desirable termination and RNA stability. Such hairpins may be inserted within the vector sequences to allow 
standard ribozymes to be placed in an appropriate orientation and expressed with such sequences attached. 
[0389] Poly(A) tails will also be useful to protect the 3' end of the ribozyme. These may be provided, for example, 

s by including a poly(A) signal site in the expression vector (to signal a cell to add the poly(A) tail in vivo), or by introducing 
a poly(A) sequence directly into the expression vector. In the former approach, the signal will preferably be located to 
prevent unwanted secondary structure formation with other parts of the ribozyme. In the latter approach, the poly(A) 
stretch may reduce in size over time when expressed in vivo, and thus the vector may need to be checked over time. 
Care must be taken in the addition of a poly(A) tail which binds poly(A) binding proteins to prevent the ribozyme from 

10 acting. 

[0390] Selected ribozymes may be administered prophylactically, i.e., to prevent the occurrence of rheumatoid 
arthritis in patients, or to patients already suffering from rheumatoid arthritis. Such administration may involve, for exam- 
ple, exogenous delivery of the ribozyme to an infected tissue by means of an appropriate targeted composition accord- 
ing to the invention as described herein. 

15 

Example 11 

[0391] This example is directed to the preparation of a nuclear delivery vehicle with enhanced protection of macro- 
molecules against lysosomal action. 
20 [0392] The targeted composition described in Example 6 will be prepared, further incorporating a plasmid construct 
comprised of an adenovirus (AD)-linked to polylysine (PL) according to the method described in Schwarzenberger et 
al., Blood, 87, No. 2, 1996, 472-478, the disclosures of which are hereby incorporated herein by reference, in their 
entirety. The intracellular release of the AD-PL molecule will protect the nuclear localization sequence peptide from 
endosomolysis. 

25 

Example 12 

[0393] This example is directed to bone marrow transplantation therapy as a treatment for gene deficiency. 
[0394] Bone marrow aspirate (1 00 mL) will be obtained from a patient diagnosed with adenosine deaminase def i- 

30 ciency. Targeted carriers will be made to incorporate the gene coding adenosine deaminase in a plasmid construct 
using the CMV promoter. The gene will be complexed to AD polylysine as described in Example 1 1 . Polylysine AD will 
further be complexed with streptavidin according to the procedure of Schwarzenberger et al., Blood, 87, No. 2, 1996, 
472-478, the disclosures of which are hereby incorporated herein by reference, in their entirety. DPGS-PEG-LLIYF- 
NNNVPIDDSGM, as prepared according to the method described, for example, in Example 3 } will be reacted at its C- 

35 terminal with the polylysine AD-streptavidin complex to construct the NLS conjugate, SA-PL-AD-DPGS-PEG-LLIYF- 
NNNVPIDDSGM. The method may involve a variation of the same protection-deprotection procedures described in 
Examples 1 and 2. 

[0395] Steel factor (SLF) will be biotinylated and added to the washed bone marrow sample. After one hour, the SA- 
PL-AD-DPGS-PEG-LLIYFNNNVPIDDSGM and the adenosine deaminase piasmid consiruci wiii be uo-auminisitiieu io 
40 the cells. Transfection of the bone marrow pluripotent stem cells will result in cells competent to make adenosine deam- 
inase, and the marrow cells will be transplanted back into the patient. 

Example 13 

45 [0396] This example is directed to the preparation and use of a conjugate of dipalmitoylglycerylsuccinyl (DPGS), 
polyethylene glycol (PEG) and basic fibroblast growth factor (bFGF), also referred to herein as DPGS-PEG-bFGF. 
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A. Preparation of DPGS-NH-PEG-NH-maleimide, which has the following formula. 
[0397] 



H 31<p15 9 1 ^ 31 

o=c c=o 
6 6 



-OV-O-C C-ISI-PEQ-N-C-CC^-N 
O O H HO 



O 




i. Preparation of dipalmitoyl glycerol succinate-poiyethyleneglycolamine (DPGS-NH-PEG-NH 2 ). 
20 [0398] 



H3iC 15 C 15 ^ 31 



o 



^-CH^O-ft £-N- PEG- NH 2 
O OH 

[0399] Into a round bottom flask (100 ml_) was added a solution of DPGS (98 mg, 0.147 mmole, 1 eq ) in CH?CL 
Into a separate round bottom flask (100 mL) was added a solution of H 2 N-PEG-NH 2 (PEG-diamine) (50 mg, 0 147 
mmole, 1 eq.) in CH 2 CI 2 . To the PEG-diamine solution was added immediately a solution of DCC (31 mg, 0 15 mmole 
1 .02 eq.) in CHCI 3 (5 mL). The resulting mixture of DCC and PEG-diamine was added dropwise to the DPGS at about 
0 to about 5°C. The resulting reaction mixture was equilibrated with stirring to room temperature. After stirring for 24 
hours, distilled-deionized water (50 mL) was added to the reaction mixture and the resulting white precipitate (dicy- 
clohexylurea) was removed by filtration. The lower organic layer was isolated using a 250 mL separatory funnel and 
dried (Na 2 S0 4 ). The dried organic solution was filtered and CH 3 CN (80 mL) was added to the filtrate. The remaining 
white precipitate was removed by filtration and the filtrate was concentrated in vacuo to yield 0 44 q of DPGS-NH-PEG- 
NH 2 as a solid product. IR: 1700 cm* 1 . TLC: R f 0.65. 

ii. Preparation of DPGS-PEG-NH-PEG-NH-maleimide. 

[0400] Into a round bottom flask (1 00 mL) was added a solution of DPGS-NH-PEG-NH 2 from Step A (0 44 g 0 13 
mmole, 1 eq.) in CH 2 CI 2 (10 mL). To this solution was added a solution of thethylamine (13 mg, 0.13 mmole 1 eq j in 
CH 2 CI 2 . To this mixture was added dropwise a solution of 34.6 mg N-maleoyl-fralanine N-hydroxysuccinimide ester 
(34^6 mg) in CH 2 CI 2 (1 0 mL). After stirring overnight at room temperature, deionized-distilled water (30 mL) was added 
to the reaction mixture and stirring was continued an additional 3 hours. The lower organic layer was isolated using a 
separatory funnel and dried (NaS0 4 ). The organic layer was filtered and the filtrate was concentrated in vacuo to afford 
360 mg of the title compound as a wax-like white solid. IR: 1740 cm" 1 , 1670 cm" 1 , 1 100 cm* 1 . TLC: Rf 0.75. 

B. Preparation of DPGS-PEG-bFGF. 



55 [0401] 



I] Basic fibroblast growth factor (bFGF), modified to contain an additional C-terminal cysteine was purchased 
Sows'' 2 " 1 armaCeUtiCal (San Dlego ' CA) and was conjugated to the DPGS-NH-PEG-NH-maleimide from Step A as 
[0402] bFGF was suspended at a concentration of 1 mg/mL in coupling buffer of 150 mM NaCI, 10 mM MOPS, 0.1 
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mM EDTA and 50 u.m DTPA (pH 6.5) (all buffer materials obtained from Sigma Chemical, St. Louis, MO). The DPGS- 
NH-PEG-NH-maleimide from Step A (0.2 to 10 mM) will be added to the bFGF/buffer suspension and the resulting mix- 
ture will be incubated for 16 hours at 4°C. The resulting reaction mixture will be analyzed on a polyacrylamide electro- 
phoresis gel to confirm that the bFGF became bound to the intermediate from Step A. This can be readily determined 
by observing changes in molecular weight. 

[0403] Targeted vesicles will be prepared containing 1 weight % percent of the DPGS-PEG-bFGF conjugate, as per 
the procedure described in Example 7. 

Example 14 

[0404] Example 9 will be repeated except telomerase will be substitued for the anti-interleukin-2 fab targeting agent 
to provide N-(1 ,2-dipalmitoyl-sn-glycero-3-succinyl)-PEG-telomerase (DPGS-PEG-telomerase). 
[0405] The disclosures of each patent, patent application and publication cited or described in this document are 
hereby incorporated herein by reference, in their entirety. 

[0406] Various modification of the invention, in addition to those described herein, will be apparent to those skilled 
in the art from the foregoing description. Such modifications are also intended to fall within the scope of the appended 
claims. 

Claims 

1 . A composition for delivering a compound into a cell comprising, in combination with the compound to be delivered, 
an organic halide, a targeting ligand and a nuclear localization sequence. 

2. A composition according to Claim 1 which further comprises a carrier. 

3. A composition according to Claim 1 or 2 wherein said organic halide is selected from the group consisting of a gas- 
eous organic halide and a liquid organic halide. 

4. A composition according to Claim 3 wherein said organic halide is a gaseous organic halide. 

5. A composition according to Claim 3 wherein said organic halide is a liquid. 

6. A composition according to Claim 1 or 2 wherein said organic halide is a gaseous precursor. 

7. A composition according to any preceding Claim wherein said organic halide is a fluorinated compound. 

8. A composition according to Claim 7 wherein said fluorinated compound is a perfluorinated compound. 

9. A composition according to Claim 8 wherein said perfluorinated compound is a perfluorocarbon. 

10. A composition according to Claim 2 wherein said organic halide is a perfluoroether compound. 

11. A composition according to Claim 7 wherein said perfluorocarbon is a liquid. 

12. A composition according to Claim 1 1 wherein said liquid perfluorocarbon is a gaseous precursor. 

13. A composition according to Claim 9 wherein said perfluorocarbon is a gas. 

14. A composition according to Claim 1 or 2 wherein said organic halide is selected from the group consisting of 1- 
bromo-nonafluorobutane, perfluorooctyl iodide, perfluorooctylbromide, 1-chloro-1 -fluoro-1 -bromomethane, 1,1,1 - 
trichloro-2,2,2-trifluoroethane, 1 ,2-dichloro-2,2-difluoroethane, 1,1 -dichloro-1 ,2-difluoroethane, 1 ,2-dichloro-l, 1 
,3-trifluoropropane, 1 -bromoperfluorobutane, 1-bromo-2 ,4-difluorobenzene, 2-iodo-1, 1,1 -trifluoroethane, 5-bro- 
movaleryl chloride, 1 ,3-dichlorotetrafluoroacetone, bromine pentafluoride, t-bromo-1 ,1 ,2,3,3,3-hexafluoropro- 
pane, 2-chloro-1 ,1,1,4,4 ,4-hexafluoro-2-butene, 2-chloropentafluoro-1 ,3-butadiene, iodotrifluoroethylene, 1,1 ,2- 
trifluoro-2-chloroethane, 1 ,2-difluorochloroethane, 1,1 -difluoro-2-chloroethane, 1,1 -dichlorofluoroethane, hep- 
tafluoro-2-iodopropane, bromotrifluoroethane, chlorotrifluoromethane, dichlorodifluoromethane, dibromofluor- 
omethane, chloropentafluoroethane, bromochlorodifluoromethane, dichloro-1 ,1 ,2,2-tetrafluoroethane, 1,1,1,3,3- 
pentafluoropentane, perfluorotributylamine, perfluorotripropylamine, 3-fluorobenzaldehyde, 2-fiuoro-5-nitrotoluene, 
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3-fluorostyrene, 3,5-difluoroaniline, 2,2 ,2-trifluoroethylacrylate, 3-(trifluoromethoxy)-acetophenone, 1,2,2,3,3,4,4- 
octafluorobutane, 1 ,1,1 ,3,3-pentafluorobutane, 1-fluorobutane, 1,1,2,2,3,3,4,4-octafluorobutane, 1 f l[l ' ,3,3-pen- 
tafluorobutane, pertluoro-4 methylquinolizidine, perfluoro-N-methyl-decahydroquinone, perfluoro-N-'methyl-dec- 
ahydroisoquinone, perfluoro-N-cyclohexyl-pyrrolidine, perfluoroheptane, perfluorocyclohexane, perfluoromethane, 
perfluoroethane, perfluoropropane, perfluorobutane, perfluoropentane, perfluorohexane, perfluoroheptane, per- 
fluorooctane, perfluorononane, perfluorodecane, perfluorododecane, perfluoro-2-methyl-2-pentene, perfluorocy- 
clohexane, perfluorodecalin, perfluorododecalin, perfluoropropylene, perfluorocyclobutane, perfluoro-2-butyne, 
perfluoro-2-butene, perfluorobuta-1,3-diene, perfluorobutylethyt ether, bis(perfluoroisopropyl) ether, bis(perfluoro- 
propyl) ether, perfluorotetrahydropyran, perfiuoromethyl tetrahydrofluran, perfluoro-t-butyl methyl ether, perfluoro 
isobutyl methyl ether, perfluoro-n-butyl methyl ether, perfluoro isopropyl ethyl ether, peril uoro-n- propyl ethyl ether, 
perfluorocyclobutyl methyl ether, perfluorocyclopropyl ethyl ether, perfluoroisopropyi methyl ether, perfluoro-n-pro- 
pyl methyl ether, perfluorodiethyl ether, perfluorocyclopropyl methyl ether, perfiuoromethyl ethyl ether, per- 
fluorodimethyl ether, sulfur hexafluoride and selenium hexafluoride. 



15. A composition according to Claim 14 wherein said organic halide is selected from the group consisting of perfluor- 
omethane, perfluoroethane, perfluoropropane, perfluorobutane, perfluoropentane, perfluorohexane, perfluorohep- 
tane, perfiuorooctane, perfluorononane, perfluorodecane, perfluorododecane, perfluoro-2-methyl-2-pentene, 
perfluorocyclohexane, perfluorodecalin, perfluorododecalin, perfluorohexane and perfluorocyclohexane. 

16. A composition according to Claim 14 wherein said organic halide is selected from the group consisting of perfluor- 
obutylethyt ether, bis(perfluoroisopropyl) ether, bis(perfluoropropyl) ether, perfluorotetrahydropyran, perfiuorome- 
thyl tetrahydrofluran, perfluoro-t-butyl methyl ether, perfluoroisobutyl methyl ether, perfluoro-t- butyl methyl ether 
perfluoroisopropyi ethyl ether, perfluoro-n-propyl ethyl ether, perfluorocyclobutyl methyl ether, perfluorocyclopropyl 
ethyl ether, perfluoroisopropyi methyl ether, perfluoro-n-propyl methyl ether, perfluorodiethyl ether, perfluorocyclo- 
propyl methyl ether, perfiuoromethyl ethyl ether and perfluorodi methyl ether. 

17. A composition according to Claim 14 wherein said organic halide is selected from the group consisting of perfluor- 
ohexane and perfluorocyclohexane. 

18. A composition according to any preceding Claim wherein said targeting ligand is selected from the group consisting 
of a protein, an antibody, an antibody fragment, a hormone, a hormone analog, a glycoprotein, a lectin, a peptide, 
a polypeptide, an amino acid, a sugar, a saccharide, a carbohydrate, a vitamin, a steroid, a steroid analog, a cofac- 
tor, a bioactive agent and genetic material. 



19. 



A composition according to Claim 18 wherein said targeting ligand is selected from the group consisting of Sialyl 
Lewis X, mucin, hyaluronic acid, LFA-1, VLA-4, fibrinogen, von Willebrand factor, vitronectin, VCAM-1 
CD49d/CD29, methyJ-a-D-mannopyranoside, N-formal peptide, C5a, leukotriene B4, platelet activating factor IL- 
8/NAP- 1, CTAP-III, P-thromboglobulin, NAP-2,gro/MGSA, ENA-78, MCP-1 , MAP-1a,p, RANTES, and I-309. ' 

20. A composition according to Claim 18 wherein said targeting ligand is Sialyl Lewis X. 

21. A composition according to any preceding Claim wherein said nuclear localization sequence is selected from the 
group consisting of a peptide, a protein, a receptor, a transcription factor and an enzyme. 

22. A composition according to any preceding Claim wherein said nuclear localization sequence is selected from the 
group consisting of influenza virus nucleoprotein, karyopherin 01 , human statl gene, m-»mportin, mouse homolog 
of nuclear pore targeting complex, hepatitis B virus (HBV) polymerase, glucocortocoid receptor (GlucR) interferon- 
regulated factors ISGF-3 and GAF, yeast mating switch/HO endonuclease promoter SW15 ' Drosophila 
melanogaster morphogen dorsal, nuclear factors NF- K pabd NF-AT, T-ag, c-rel, lamin B 2 , GrH receptor c-fos cofi- 
hn, rNFIL-6, NF-ATpIc, PICA C-subunit, P 42™P k /p44 e *\ p90' sk , PKC-a, lodestar, v-jun, cyclin B (B-type cyclins) 
adenovirus 5 E1a protein, xnf7, PwA33, Rb-1, p53, c-myc, PTF1, HMG1/2 and tegument protein pp65 (UL83) of 
human cytomegalovirus. ~ 

23. A composition according to any one of Claims 1 to 21 wherein said nuclear localization sequence is a peptide com- 
prising an ammo acid sequence selected from the group consisting of SEQ ID NO:3, SEQ ID N0 4 SEQ ID N0 5 
SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10, SEQ ID N01 1 SEQ ID N012 SEQ 
ID NO:13, SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17, SEQ ID NOIs' SEQ ID NO'W SEQ 
ID NO:20, SEQ ID NO:21 , SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:24, SEQ ID NO:25, SEQ ID N0 26 and SEQ 



73 



EP 1 046 394 A2 



ID NO:27. 



24. A composition accord.ng to Claim 23 wherein said nuclear localization sequence is a peptide comprising an amino 
acid sequence selected from the group consisting SEQ ID NO:17, SEQ ID NC-20 SEQ ID NO 21 SEO ID Nrvo? 
SEQIDNO:23,SEQIDNO:24,SEQIDNO:25andSEQIDNO:26. ' ' UIL " NW ^' 

25. A composition according to any preceding Claim wherein said compound to be delivered is selected from the group 
consisting of a pharmaceutical agent, a synthetic organic molecule, a protein, a peptide and genetic material. 

26. A composition according to Claim 25 wherein said compound to be delivered is genetic material. 

27. A composition according to Claim 26 wherein said genetic material is selected from the group consisting of a 
mutant gene, an antisense oligonucleotide and a ribozyme. 

28. A composition according to Claim 27 wherein said genetic material is an antisense oligonucleotide which hybrid- 
izes to a nucleic acid molecule encoding a protein selected from the group consisting of tumor necrosis factor 
receptor, gamma interferon receptor and interleukin 1 receptor. 

29. A composition according to Claim 27 wherein said genetic material is a ribozyme which disrupts nucleic acid mol- 
ecules encoding a protein selected from the group consisting of tumor necrosis factor receptor, gamma interferon 
receptor and interleukin 1 receptor. 

30. A composition according to Claim 27 wherein said genetic material is a mutant gene which encodes a defective 
receptor selected from the group consisting of tumor necrosis factor, gamma interferon and interleukin 1 . 

31. A composition according to Claim 2 wherein said carrier is selected from the group consisting of polymers lipids 
proteins and metal ions. v 

32. A composition according to Claim 31 wherein said carrier comprises a lipid. 

33. A composition according to Claim 32 wherein said lipid is a cationic lipid, 

M ' Ja^SmchSr 9 t0 C ' aim ^ Wh6rein S3id ° ati0niC liPW iS N ' [ 1 " (2 • 3 - diole °y , ° x y)P«>Py<]-N, N ,N-trimeth- 

35. A composition according to Claim 31 wherein said carrier comprises a polymer. 

36. A composition according to Claim 35 wherein said polymer is selected from the group consisting of polyethylenes 

fm^rf^n! 8 ' rr^'T 5 ' PiUr ° niC acidS and alcohols ' P 01 ^ 15 . Polyvinylpyrrolidone, arabinans! 
ructans fucans galactans, galacturonans, glucans, mannans, xy.ans, levan, fucoidan, carrageenan, galactocarc^ 

ZIZ T ,m " T I amy ' 0Se ' PU " Ulan ' 9 ' yCOgen ' am y'°P ectin . carboxylmethylcellulose hvdroxypro- 

pyl methylcellulose dextran, pustulan, chitin, agarose, keratan, chondroi.in, dermatan, hyaluronic acid alginic acid 
homopolymers and heteropolymers containing one or more of an aldose, ketose, acid, amine, erythrose threose 

r bulnt a Sr e ' ^ " r 36 ' a "° Se ' a ' tr0Se ' 9 ' UC0Se ' mann0S6 ' 9Ul0Se - idose ' 9 alactose - « al °se, erythrulose! 
nbulose, xylulose, psicose, fructose, sorbose, tagatose, glucuronic acid, gluconic acid, glucaric acid, galacturonic 
acid, mannuromc acid, guluronic acid, glucosamine, galactosamine and neuraminic acid 

3? ' iZ^T t°" aCC °: ding l° Claim 31 wherein said ™™ * selected from the group consisting of Lipofectin, Lipo- 
toejiate, Transfectam, Cytofectin, DMRIE, DLRIE, GAP-DLRIE, DOTAR DOPE DMEAP DODMP 

SpPES D^nTn^r' DPH ' ™ ADPH ' CTAB ' ,ySy| - PE ' DC - Ch01 ' ^SSSSSSS 
DPPES, DCPE, DMAP, DMPE, DOGS, DOFIME, DPEPC, Pluronic, Tween, BRIJ, plasmalogen, phosphatidyl^ 
anolamine. phosphatidylcholine, glycero-3-e.hylphosphatidylcholine, dimethyl ammonium p^eVVrXZ 
mT Th^Th die ' hy ' ammonium propane ' t^thylammonium propane, dimethyldioctadecy.ammonium bro- 
mide, a sphmgo lipid, sphingomyelin, a lysolipid, a glycolipid, a sulfatide, a glycosphingolipid, cholesterol chotol 

SmtTp T! Sa ' ,, 1 * 1 • 2 -- diote ^ | - s "-9'y^'. N-succinyldio.eoylphos 9 pha P id »££2£^ 
d^alm.toy-2-succinyl-g.ycerol, 1.2-di P almitoyl-sn-3-succinylglycerol, palmitoylhomocystiene, 1-hexadecy J 
palmitoylglycerophosphatidylethanolamine, N.N"-bis(dodecylaminocarbonylmethylene).N N -bis((-N N N- 
trimethylammoniumethylaminocarbonylethylene) ethylenediamine tetraiodide, N,N"-bis(hexadecylaminocarbonyl- 
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methylene)-N N,N"-tris((-N ,N .N-trimethylammoniumethylaminocarbonylmethylenediethylenetriamine hexaio- 
dide, N,N-b IS (dodecylaminocarbonylmethylene)-N , N"-bis((-N , N, N-trimethylammoniumethylaminocarbonyl- 
methylene) cyclohexylene-1 ,4-diamine tetra iodide, 1.1 ,7,7-tetra((-N ,N , N ,N-tetramethylammoniumethylamino- 
carbonylmethylene)-3-hexadecylaminocarbonylmethylene-1 ,3,7-triaazaheptane heptaiodide, and N N N'N'- 
1etra((N ,N ,N-trimethylammoniumethylaminocarbonylmethylene)-N'-( 1 ,2-dioleoylglycero-3-phosphoeth'anolami- 
nocarbonylmethylene) diethylenetriamine tetraiodide. 

38. A composition according to Claim 31 wherein said carrier comprises a compound selected from the group consist- 
ing of dioleoylphosphatidylethanolamine, a fatty acid, a lysolipid, phosphatidylcholine, phosphatidylethanolamine 
phosphatidylserme, phosphatidylglycerol, phosphatidylinositol, a sphingolipid, a glycolipid, a glucolipid, a sulfatide" 
a glycosphingohpid, phosphatidic acid, palmitic acid, stearic acid, arachidonic acid, oleic acid, a lipid bearing a pol- 
ymer, a lipid bearing a sulfonated saccharide, cholesterol, tocopherol hemisuccinate, a lipid with an ether-linked 
fatty acid a lipid with an ester-linked fatty acid, a polymerized lipid, diacetyl phosphate, stearylamine. cardiolipin a 
Phospholipid with a fatty acid of 6-8 carbons in length, a phospholipid with asymmetric acyl chains, 6-(5-cholesten- 
3b-yloxy)-1-thio-b-D-galactopyranoside, digalactosyldiglyceride, 6-(5-cholesten-3p-yloxy)hexyl-6-amino-6-deoxy- 

.th,o-b-p-galactopyranoside, 6-<5-cholesten-3b)-yloxy)hexyl-6-amino-6-deoxyl-1 -thio-a-D-mannopyranoside, 1 2- 
((7-diethy amino-coumarin-3-yl )carbonyl )methylamino)octadecanoic acid, N-[12-(((™ethylaminocoumarin-3-yl 
)carbonyl )methyl-ammo) octadecanoyl]-2-aminopalmitic acid, cholesteryl )4'-trimethyl-ammonio)butanoate N- 
succnyldioleoylphosphatidylethanolamine, 1 ,2-dioleoyl-sn-glycerol ,1,2-dipalmitoyl-sn-3-succinyl-glycerol 1 3- 
dipalmitoyl-2-succinylglycerol, 1-hexadecyl-2-palmitoylglycerophosphoethanolamine, palmitoylhomocysteine and 
combinations thereof. 

39. A composition according to Claim 38 wherein said carrier comprises phosphatidylcholine. 

40. A composition according to Claim 38 wherein said phosphatidylcholine is selected from the group consisting of dio- 
leoy phosphatidylcholine, dimyristoylphosphatidylcholine, dipentadecanoylphosphatidylcholine, dilauroylphos- 
phatidylcholme, d.oleoylphosphatidylcholine, dipalmitoylphosphatidylcholine and distearoylphosphatidylcholine. 

41 . A composition according to Claim 38 wherein said carrier comprises phosphatidylethanolamine. 

42. A composition according to Claim 41 wherein said phosphatidylethanolamine is dioleoylphosphatidylethanolamine. 

43. A composition according to Claim 38 wherein said carrier comprises sphingolipid. 

44. A composition according to Claim 43 wherein said sphingolipid is sphingomyelin. 

45. A composition according to Claim 38 wherein said carrier comprises a glycolipid. 

* Si3E£S5£ "'^ 45 Wherein S3id 9 ' yC0,ipid is se,ec,ed ,rom ,he 9roup consisti " 9 * ^ liosida 

47. A composition according to Claim 38 wherein said carder comprises a lipid bearing a polymer. 

48 ' iTr 81110 ," aCC , 0rd ! n9 !° C ' aim 47 Wh6rein $aid P0lymer °' said H P id bearin 9 a PO*™ is selected from the 
group consisting of polyethylene glycol, chitin, hyaluronic acid and polyvinylpyrrolidone. 

49. A composition according to Claim 48 wherein said polymer of said lipid bearing a polymer is polyethylethylene gly- 

5 °' tmT P0Siti ,° n a< L COrdin9 ,0 C ,' aim 49 Wherei " S3id P° | y e,h y ,ene 9lycol is selected from the group consisting of pol- 
yethylene glycol having a molecular weight of about 2000, 5000, and 8000. 

51. A composition according to Claim 38 wherein said carrier comprises a phospholipid with asymmetric acyl chains 
having one acyl chain of about 6 carbons in length and another acyl chain of about 12 carbons in length. 

M ' £h C rrf ° n , « CC ° r f in9 ,0 C ' aim 2 Wherei " S3id ° arrier COrT,prises about 82 mole P ercent dipalmitoylphosphatidyl- 
oSI/h ^ ? Tl 6 di P alrni, °y | P hos P hatid y | e«hanolamine-polyethyleneglycol 5000 and about 10 mole 

percent dipalmitoylphosphatidic acid. 
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53. A composition according to Claim 2 wherein said carrier comprises a surfactant. 

54. A composition according to Claim 53 wherein said surfactant is a fluorosurfactant. 

55. A composition according to claim 25 which comprises telomerase. 

56. A composition according to any preceding claim further comprising a fusion peptide. 

57. A method for delivery a compound into a cell comprising administering to the cell a composition according t 
one of claims 1 to 54. y 

58. A method according to claim 57 further comprising applying ultrasound to said cell. 
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